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“The flower industry strives to develop new and different varieties of ﬂowering- _
plants. An effective way to create such novel varieties is through the
manipuiat‘ion of flower colour and classical breeding techniques have been
used wu:h some success to produce a wide range of colours for most of the
commercial varieties of flowers. This approach has been limited, however, by
the constraints of a particular species’ gene pool and for this reason it is rare
for a single spécies to have a full spectrum of coloured varieties. Indeed, due
to the limited availability of blue flowers, less than five percent of cutflowers

~sold through the auction system in Holland in 1988 were blue. Amongst the
twelve top selling flowers, only iris and freesia offer blue coloured varieties
and these varieties constitute less than four percent of all flower sales. The
development of blue varieties of the méjor cutflower species, for example,

" rose, chrysanthemum, carnation and gerbera would offer a significant

opportunity in both the cutflower and ornamental markets.

Flower colour is predominantly due to two types of pigment: ﬂavonoids and
caroteneids.. Flavonoids contribute to a range of colours from yellow to red to
blue; Carotenoidsl impart an orange or yellow tinge and are commonly the
only pigment in yellow or orange flowers. The flavonoid molecules which
make the major contribution to flower colour are the anthocyanins which are
glycosylated derivatives of cyanidin, delphinidin, petunidin, peonidin, malvidin
and pela:gomdm and are localised in the vacuole. The different a.nthocyamns

can produce marked differences in colour. Flower: colour is also 1nﬂuenced by



opportunity in both the cutflower and ornamental markets. Flower colour is
predom nantly due to two.types of pignent: flavonoids and carotenoids.
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1984; Schram et al, 1984; Stafford, 1990). The first committed step in the
pathway involves the condensation of three molecules of malonyl-CoA with
one molecule of pcoumaroyl-CoA. This reaction is catalysed by the enzyme _
chalcone synthase (CHS). The product of this reaction, 2°,4,4,6'
tetrahydroxychalcone, is normally rapidly isomerized to produce naringenin by

- the énzyme chalcone flavanone isomerase (CHI). Naringenin is subsequently
hydroxylated at the 3 position of the central ring by flavanone 3-hydroxylase
(F3H) to produce dihydrokaempferol (DHK).

The B-ring of dihydrokaempferol can be hydroxylated at either the 3’, or both
- the 3’ and 5’ positions, to produce dihydroquercetin (DHQ) and |
dihydromyricetin (DHM), respectively. Two key enzymes involved in this
pathway are flavonoid 3’-hydroxylase (hereinafter referred to as 3
hydroxylase) and flavonoid 3°,5"-hydroxylase (hereinafter referred to as 3°,5"-
hydroxylase). “The 3'-hydroxylase acts on I%HK to produce DHQ and on
naringenin to produce eriodictyol. The 3’,5'-hydroxylase is a broad spectrum
enzyme cé.talyzing hydroxylation of naringenin and DHK in the 3’ and 5’
~positions and of eriodictyol and DHQ in the 5’ position (Stotz and Forkmann,
1982), in both instances producing pentahydroxyflavanone and DHM,
respectively. The pattern of hydroxylation of the B-ring plays 4 key role in

determining petal colour.
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'n also of the cytochrome P4350 class of enzymes. Cytochrome P450 enzymes are

widespread in nature and have been characterised in vertebrates, insects,

yeasts, fungi, bacteria and one plant. Sequences of at least 154 cytochrome

P450 genes have been determined and the genes grouped into 27 different

gene families (Nebert et al, 1991). Within a single family, the P450 protein

sequences are generally >40% identical whilst sequences within the same

subfamily are >46% identical (Nebert et al, 1991). Information on plant

cytochromes P4350 is limited.

The ability to control in plants 3’ or 3’,5'-hydroxylase activity, or other
enzymes involved in the flavonoid pathway, would provide a means to.
manipulate petal colour thereby enabling a single species to express a broader
spectrum of flower colours. In accordance with the present invention, the
genetic sequences encoding flavonoid pathway enzymes such as 3/,5'-
hydroxylase have been identified and cloned. These recombinant sequences
permit the modulation of DHK metabolism as well as the met.abolism of other
substrates such as DHQ, naringenin and eriodictyol, thereby determining the
hydroxylation pattern of the anthocyanins and providing a means to manipulate
petal colour. The present invention, however, extends beyond flowers to fruit

and vegetable plants and to leaves of, for example, ornamental plants.



determ ni ng petal col our. -3- Flavonoid 3'-hydroxylacion in m crosonal
extracts requires NADPH and [err] ‘as well as the aglycone of either
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For convenience and by way of shorthand notation only, reference herein to
"DHK hydroxylating enzyme" includes flavonoid pathway hydroxylating
enzymes acting on one or more of the following: DHK, DHQ, naringenin,

eriodictyol.

Preferably, the DHK hydroxylating enzyme is 3’,5'-hydroxylase. However, the
methods employed to clone the genetic sequences encoding this enzyme could
be employed to isolate other genetic sequences encoding enzymes such as the
3*-hydroxylase. Accordingly, reference herein to the isolation and cloning of
3',5'-hydroxylase should be taken to include reference to other flavonoid

hydroxylating enzymes such as 3’-hydroxylase.

By the term "nucleic acid isolate” is meant a genetic sequence in a non-
naturally occurring condition. Generally, this means isolated away from its
natural state or formed by procedures not necessarily encountered in its
natural environment. More specifically, it includes aucleic acid molecules
formed or maintained in vitro, recombinant or synthetic molecules and nucleic
acids in combination with heterologous nucleic acids. It also extends to
naturally occurring sequences following at least a partial purification relative to

other nucleic acid sequences.

By "genetic sequences" as used herein is meant any contiguous series of
nucleotide bases specifying directly, or via a complementary series of bases, a
sequence of amino acids in a DHK hydroxylating enzyme, for example, 3,5
hydroxylase. The nucleic acid or its complementary form may encode the full

length enzyme or a derivative or part thereof. By "derivative" is meant any



-.cytochronmes P450 is l[im.ted. The ability to control in plants 3 or

3',5" -hydroxyl ase activity, or other enzynes involved in the flavonoid

pat hway, woul d provi de a neans to. nanipul ate petal col our thereby enabling
a single species to express a broader spectrumof flower colours. In
accordance with the present invention, the genetic sequences encoding
flavonoi d pathway enzymes such as 3',5' - hydroxyl ase have been identified
and ¢l oned. These reconb|nant sequences permt the nodul ati on of DHK

met abol i sm.as éTEﬁ-:

nari ngenin and*gél!: | ct yo g&@h%&@gg{cggi%éﬁ rﬁigfé?%kg 8?(3’?%[ I'on pa ter n
of t.he ant hocymndhnsrxaamallymumzdmg@raymear{a this n&gm-ldptﬁeihecleﬁtaid aulwales .thd he
pr esent |nvent|on Weverrigr léé{end beyond flowers_to fruit and veget abl e

plants and to PEHAY QfcwT Ce5e PFFén%'Fﬂo§lngp$ ‘ahiydroxylasg of gl v,

one aspect of {difaiRleddbr! 'nsma fel QR1YIAE Sgl BStiABHE fI &R dhd/ 5P h&&x‘r‘xons

conpri sing a sequence of nucle tldes encodi ng, or conpfenen tary t

sequence encodionspid aatlirayockaeng sequeincé. DAiE dmwmxgxﬂesbqnmaesz:ymmpiated
herein also encompass oligonucleotides useful as genetic probes or as “anti-
sense” molecules capable of regulating expression of the corresponding gene in
a plant. Accordingly, when the nucleic acid or its complementary form
encodes a "part” of the 3’,5"-hydroxylase, then such a nucleic acid molecule
may be useful as an oligonucleotide probe, primer for polymerase chain

reactions or in various mutagenic techniques.

Amino acid insertional derivatives of the DHK hydroxylating enzyme and in
particular the 3°,5'-hydroxylase of the present invention include amino and/or
carboxyl terminal fusions as well as intra-sequence insertions of single or
multiple amino acids. Insertional amino acid sequence variants are those in
which one or more amino acid residues are introduced into a predetermined
site in the protein although random insertion is also possible with suitable
screening of the resulting product. Deletional variants are characterised by the
removal of one or more amino acids from the sequence. Substitutional amino
acid variants are those in which at least one residue in the sequence has been
removed and a different residue inserted in its place. Typical substitutions are

those made in accordance with the following Table 1:
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Asn Gln; His

Asp Glu

- Cys Ser

Gln . Asn

Glu Asp

Gly Pro

His Asn; Gin

lle Leu; Val

Leu Ile; Val

Lys Arg; Gln; Glu
Met Leu; Ile

Phe  Met; Leu; Tyr
Ser Thr

Thr Ser

Trp Tyr

Tyr Trp; Phe

Val [le; Leu

Where tne 3’,5'-hydroxylase is derivatised by amino acid substitution, the
amino acids are generally replaced by other amino acids having like properties,
such as hydrophobicity, hydrophilicity, electronegativity, bulky side chains and
the like. Amino acid substitutions are typically of single residues. Amino acid
insertions will usually be in the order of about 1-10 amino acid residues and
deletions will range from about 1-20 residues. Preferab.ly, deletions or

Insertions are made in adjacent pairs, i.e. a deletion of two residues or
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a conpl enentary series-of -bases, a sequence of amino acids in a DHK
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compl ement ary manig]ulations. Techniques for making substitution mutations at
predetermined sites in DNA having known or partially known sequence are
well known and include, for example, M13 mutagenesis. The manipulation of
DNA sequence to produce variant proteins which manifest as substitutional,
insertional or deletional variants are conveniently described, for example, in

Sambrook et al., (1989).

~ Other examples of recombinant or synthetic mutants and derivatives of the
3/,5'-hydroxylase of the present invention include single or multiple
substitutions, deletions and/or additions of any molecule associated with the

enzyme such as carbohydrates, lipids and/or proteins or polypeptides.

The terms "analogues” and "derivatives" also extend to any functional chemical
equivalent of the 3,5’ "-hydroxylase and also to any amino acid derivative

described above.

The nucleic acids of the present invention may be ribonucleic acids or
deoxﬁibonucleic acids, single or double stranded and linear or covalently
closed circular molecules. Preferably, the nucleic acid molecule is cONA. The
present invention also extends to other nucleic acid molecules which hybridise
under low, preferably under medium and most preferably under high
stringency conditions with the nucleic acid molecules contemplated by the
‘present invention. Expressed in alternative terms, the present invention
extends to a nucleic acid molecule having a nucleotide sequence set forth in
Figure 9 or 10 or to a molecule having at least 35%, more preferably at least
45%, even more preferably at least 55%, still more preferably at least 65-70%,

and yet even more preferably greater than 85% similarity at the level of



encodes a "part" of the 3',5'-hydroxylase, then such a nucleic acid
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"6 - considered in the scope of the present invention where they have conserved
regions of homology. The present invention further extends to nucleic acid
molecules in the form of oligonucleotide primers capable of hybridising to a
portion of the nucleic acid molecules contemplated above under low,
preferably under medium and most preférably under high stringency

conditions.

The nucleic acid molecules contemplated herein may exist alone or in
combination with a vector molecule and preferably an expression-vector. Such
vector molecules replicate and/or express in eukaryotic and/or prokaryotic
cells. Preferably, the vector molecules or parts thereof are capable of
integration inco the plant genome. The nucleic acid molecule may additionally
contain a promoter sequence capable of directing expression of the nucleic
acid molecule in a plant cell. The nucleic acid molecule and promoter may be
introduced into the cell by any number of means such as by electroporation or

Agrobacterium mediated transfer.

The pfesent invention is exemplified us'ing nucleic acid sequences derived from
petunia since this represents the most convenient and preferred source of
material to date. However, one skilled in the art will immediately appreciate
that simi.iar sequences can be isolated from any number of sources such as
other plants or certain microorganisms. The genetics of the 3’-hydroxylases is
known in flowers of Antirhinum, Verbena and Petunia and in seedlings and
aleurone layers of seeds of maize (Heller and Forkmann, 1988). The gene eos
controls 3’-hydroxylase in Antirrhinum (Forkmann and Stotz, 1981), while the
Hil and E.r.'genés control similar enzymes in Petunia (Stotz et al, 1985) and in

maize aleurone layer, respectively (Larson and Bussard, 1986). Chemogenetic



TABLE 1 Suitable residues for am no acid substitutions Oiginal Residue

Ile Bhe.

Met; Leu; Tyr Ser Thr
studies of Verbena hybrida, for example, have shown that in this plant the

hydroxylation of the B-ring of anthocyanins in both the 3’ and 5’ position is
controlled by one gene (Beale, 1940). Enzyme activity for 3’,5'-hydroxylation
is only present in flower extracts of delphinidin-producing strains (Stotz and
Forkmann, 1982). NADPH-dependent microsomal enzyme activity for
hydroxylation in the 3’ and 3’ position was also demonstrated in flower
extracts of Callistephus and Lathyrus (Forkmann, 1991). As in V. hybrida,
enzyme activity for the 3°,5"-hydroxylation of flavanones and dihydroflavonols
was only found to be present in flower extracts of those strains which contain
3',4’,5"-hydroxylated flavonoid compounds (or methylated derivatives of
them) in the flowers. Thus, formation of the 3’,4’,5-hydroxylated flavonoids

is clearly dependent on flavonoid 3',5 '-hydroxj/laSe activity.

The genes encoding 3’,5"-hydroxylase have been identified in a number of
ornamental plants including Callistephus (R), Petunia (Hfl, Hf2) and Verbena
(B) by the presence of the respective mutants unable to produce delphinidin.
Moreover, the respective eniyme activities have been demonstrated
(Forkmann, 1991). The 3’,5"-hydroxylase was also considered to be a

- microsomal cytochrome P450 enzyme (Heller and Forkmann, 1988). However,

there are no published reports of the cloning of a 3’,5"-hydroxylase gene from

these or other plant species.

Other plant species capable of producing 3’,4’,5'-hydroxylated flavonoids or
their derivatives include hydrangea (Takeda et al, 1985), delphinium (Asen et
al, 1975), lisianthus (Asen et al, 1986), tomato (von Wettstein-Knowles, 1968)
and potato (Harborne and Simmonds, 1962). These species, or other plants
capable of producing 3’,4*,5"-hydroxylated flavonoids, would also be suitable
sources for the isolation of a 3’,5"-hydroxylase gene. All such nucleic acid
sequences encoding directly or indirectly a flavonoid pathway enzyme (e.g.

3',5"-hydroxylase) are encompassed by the present invention regardless of
their source.

Exenpl ary Substitutions Ala : Ser ‘Arg

Lys Asn .7 ..dn; Hs Asp A u Cys

Ser Gn ' - " Asn Qu Asp Ay

Pro H s Asn; Gnlle Leu; Val Leu
Ile; Val Lys Arg; A@n:igd u Met Leu;



Thr = : Ser Trp _ Tyr Tyr

Trp; Phe Val : Ile; Leu Where the 3',5'-hydroxylase is
derivatised by am no acid substitution, the anm no acids are generally
repl.aged by other am no acids having |ike properties, such as

hydr ophobi city, hydrophilicity, electronegativicy, bulky side chains and

the like. Amno acid substitutions are txgllgc_al ly of single residues. Am no
acid ¥nsertions will usually be in the order of about 1-10 am no acid
resi dues and deletiong wi || e fromabout 1-20 resjdues. Preferably,
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wel | known in fldenaids, Goots arsd shgomiiclevsites pefzin désclosed may be used to
detect, isolate and clone similar genetic sequences using the same technology
as herein described, although some minor modification(s) to the experimental
procedures may be required. All such minor variations are encompassed by
the present invention. Examples of other suitable sources of enzymes such as
3’,5’-hydroxylase include, but are not limited to, verbena, delphinium, grape,

iris, freesia, hydrangea, cyclamen, potato, pansy and eggplant.

In accordance with the present invention, a nucleic acid sequence encoding a
DHK hydroxylating enzyme such as 3’,5'-hydroxylase may be introduced into
and expressed in a transgenic plant thereby providing a means to convert DHK
and/ orlOther suitable substrates, if synthesized in the plaht cell, ultimately into
anthocyanin derivatives of anthocyanidins such as delphinidin, petunidin or
malvidin. The production of these anthocyanins contributes to the production
of a variety of shades of blue colour or blue-like colour. Expression of the
nucleic acid sequence in the plant may be constitutive, inducible or

developmental.

Accordingly, another aspect of the present invention provides a method for
producing a transgenic plant capable of expressing a recombinant DHK
hydroxylating enzyme or active mutants or derivatives thereof, said method
comprising introducing into a cell of a suitable plant a nucleic acid molecule
which cofnprises a sequence of nucleotides encoding said DHK hydroxylating
enzyme, under conditions permitting the eventual expression of said nucleic
acid molecule, regenerating a transgenic plant from the cell and growing said -
transgenic plant for a time and under conditions sufficient to permit the

expression of the nucleic acid.
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conditions sufficient to permit the expression of the nucleic acid sequence into

the DHK hydroxylating enzyme.

Preferably, the DHK hydroxylating enzyme is 3°,5'-hydroxylase, is
developmentally regulated and the altered inflorescence includes the
production of blue or red flowers or other colour shades depending on the
physiological conditions of the recipient plant. By "suitable plant” is meant a

- plant capable of producing a substrate for the 3',5-hydroxylase enzyme, and
possessing the appropriate physiological properties and genotype required for
the development of the colour desired. This may include but is not limited to
rose, petunia, carnation, chrysanthemum and gerbera. In certain plant species
it may be preferable to select a "high pH line", such being defined as a variety
having a higher than average petal vacuolar pH. The origin of the
recombinant 3‘,5"-hydroxylase or its mutants and derivatives are as
hereinbefore described and include enzymes of petunia, verbena, delphinium,

grapé, iris, freesia, hydrangea, cyclamen, potato, pansy or eggplant origin.'

- One 'ski;led in th.e art will immediately recognise the variations applicable to
this method such as increasing or decreasing the expression of the enzyme
naturally present in a target plant. This would lead to differing shades of

colours such as different shades of blue or red.

In order to decrease activity of a target enzyme, such as 3’,5'-hydroxylase, the
nucleic acid sequence encoding this enzyme or various parts thereof could be

used in the antisense orientation. Although not wishing to limit the present



under | ow, preferably under nmedi um and nost preferably under high
stringency conditions wi-th the nucleic acid nol ecul es contenpl ated by the
present invention. Expressed in alternative ternms, the present invention
extends to a nucleic acid nolecul e having a nucl eotide sequence set forth
in Figure 9 or 10 or to a nolecule having g-1east 35% nore preferably at

| east 45% even nore preferably at |east 55% still nore preferably at
| east£65- 70% @RendEH 1YL of® tRed ik & SRJoMbR @t Qich BRAn8&Yse niicleds Adiy at
the | evel of nucl eoti de_or am no acid sequence and wherein the nucleic

‘aci d encodes 07equeneDIYPIEhinaTat Puplsx it all of parvel €18 ratu¥ PCEWTEIZ y e
~having 3',5' - Mﬂ&ék@iﬁﬁd%% Y Lfryrdel i &':’éx%nﬁﬁg Q&H\Fﬁtioﬁ%ﬁﬁgr %N}@Ento
_nucl eotide or aimno acltd sequences nay have sinmrarities below the above
“given percent ageiveantymet Alrerniatieslgadisodviés Rpdidotey bedd ryinavdyaresaged such
‘nmol ecul es may stil|l be considered in the scope of the present invention
‘wher e they haveudeisaid/ #A4eB6ons of honol ogy. The present invention
‘further extends to nucleic acid nolecules in the formof oligonucl eocide

- prinmers capable of hybridising to a

Accordingly, the present invention extends to a method for producing a

transgenic plant capable of expressing a recombinant dihydrokaempferol

(DHK) hydroxylating enzyme or which directs transcription of a nucleic acid
sequence which is substantially complementary to all or a part of a mRNA
molecule translatable to DHK hydroxylating enzyme, said method comprising
introducing into a cell of a suitable plant the nucleic acid isolate according to
claim 1 or 6 under conditions permitting the eventual expression of said
nucleic acid isolate, regenerating a transgenic plant from the cell and growing
said transgenic plant for a time and under conditions sufficient to permit the
expression of the nucleic acid isolate. In this embodiment, suitable recipient
plants extend fo inter alig, iris, tulip, lily, lisianthus, freesia, delphinium,

limonium and pelargonium.

The above methods of producing transgenic plants, therefore, extend to the
alternative of introducing a gene or DNA fragment encoding an antisense
mRNA or oligonucleotide to all or a portion or region of a sequence of
nucleotides encoding, or complementary to a sequence encoding, a 3°,5'
hydroxylase.

Consequently, the present invention extends to all transgenic plants containing
all or part of the nucleic acid sequence of the present invention, or antisense
forms thereof and/or any homologues or related forms thereof and in
Particular those transgenic plants which exhibit altered inflorescence
Properties. The transgenic plants, therefore, contain a stably introduced
nucleic acid molecule comprising a nucleotide sequence encodiné or

Complementary to a sequence encoding a DHK hydroxylating enzyme and in



partion of the nucleic acid nol ecul es contenpl ated above under | ow,
preferably under medi um and nost preferably under high stringency
conditions. The nucleic acid nolecul es contenpl ated herein nmay exist al one
~or in~conbination with a vector nolecule and preferably an

expressi on-vector. Such vector nol ecul esiBeplicate and/or express in
eukagyocic and/ or prokaryotic cells. Preferably, the vector nolecules or

part s* t her eof patieulanhigh H ¢flaritrine catrirdig Suk tn SR HcIAE BB mTHg UC! ©f ©

acid nolecule may additionally contain a pronoter sequence capa
directing expsd8isTH &Y 2Rqve. nlha Eventien alsaweieands eo iseeds pomnduchariansgdiie

nucleic acid c gol . be, i nt.roduc i nto the cell by any
nunber of nea{ﬂgljl(g'uc &a%ggsy%éﬁéegg%lg{)lﬁgsﬁ"f g bﬁg\‘sﬁgﬂc RORRC Yt agselgr
transfer. Thelpesent invention is exenplified using nucleic acid sequences

derived from petunia since this represents the nost convenient and
preferred source of material to date. However, one skilled in the art wll

i medi ately @rqﬁ' at . Si .sequences. can be isol ated from any
number of soﬁ}?ces ésucEeéltts]@%(th%eJrMégr‘ﬂ?gané%ﬁFﬁ?tﬁdrﬁ’ d’FW@‘&ﬁPémﬂfe
genetics of tthe [HKhyydironpydtigesnzymek aauin iphrtdudseresobidat i3 5hi num  Ver bena
and Petunia and in seedlings and _ _

hydroxylase. The recombinant forms of the enzymes will provide a source of

material for research to develop, for example, more active enzymes and may

be useful in deileloping in vitro systems for production of coloured compounds.

Another aspect of the present invention contemplates a method for cloning a
nucleic acid molecule comprising a sequence of nucleotides which encode or
are complementary to a sequence which encode, a cytochrome P450 molecule
or like molecule from a plant, said method comprising amplification of
cytochrome P450 nucleotide sequences or complementary sequences from a
suitable preparation of nucleic acid molecules from cells of said plant by
polymerase chain réac:ipns using one or more oligonucleotide primers, said
primers having a nucleotide sequence derived from-one or more consensus

sequences of known microsomal cytochrome P450 molecules.

In a rellated embodiment, the method for cloning the cytochrome P450 nucleic
acid molecules or their complementary sequences comprises selecting from a
suitable cDNA libfary a clone capable of hybridising to one or more
oligonucleotide primers corresponding to one or more consensus sequences or

known cytochrome P450 molecules.

Preferably, one of the consensus sequences is from the haem-binding domain
of cytochrome P450 molecules and is more preferably F(G,S) XGXRXCXG
(wherein X is any amino acid) or is PGFAGRRICPG. In a most preferred
embodiment, the nucleotide sequences to be cloned encode or are

Complementary to sequences which encode, a DHK hydroxylating enzyme, and



al eurone | ayers of seeds of maize (Heller and Forkmann, 1988). The gene eos
controls 3'-hydroxylase in Antirrhinum (Forkmann and Stotz, 1981), while
the Htl and E genes control simlar enzynes in Petunia (Stotz et alL, 1985)
and ipn maize al eurone | ayer, respectively (Larson and Bussard, 1986).

Chenogenetic 9 studi es of Verbena hybr‘i’d‘a, for exanple, have shown that
f the B-ring of anthocyanins in both the

in this plant the hfg@r 0§qué§ en g !

3' and 5' posi'fiRATUFSEE Gt rRYFEWIEE- dRtenymese prsarably, tha d).5 -Eydrpmpasect i vity
for 3'5' -hydr Waiay t in.fl L..extr S, of .

del phi ni di n- p?%?l?ﬁﬁﬂgff?;??? tegtﬁzfaéﬁ{ad?ﬁ@r"’%mh%ﬁ?ﬁy'f’ég%’. AR Yependent

m crosomal enzseqeenest dwistgnchbded iy geqidmes of utfeedides adcdntiaNgSisisePn Was
al so denonst rgl e(il1 hg._.f | owgy eﬁbraglt s of Calljstephus and Lat hyrus
(Forkmann, 1999748 AWy AY LY 0428 sumitasicy chergrq ¢s defingd,above.

3',5 -hydroxyl ation of flavanones and di hydrofl avonois was only found to be
present in flower extracts of those strains which contain

3',4',5' -hydroRye ptesent inxemion & fuotheo destaibedrbyrmtdrehed eslubefdiaing 88n-of
| limiting Figures and Example.

Figures 1(A) and (B) are schematic representations of the biosynthesis pathway
for the flavonoid pigments. Enzymes involved in the first part of the pathway
have been indicated as follows: PAL = Phenylalanine ammonia-lyase; C4H

= Cinnamate 4-hydroxylase; 4CL = 4-coumarate: CoA ligase; CHS =
Chalcone synthase; CHI = Chalcone flavanone isomerase; F3H = Flavanone
3-hydroxylase; DFR = Dihydroflavonol-4-reductase; UFGT = UDP-glucose:
flavonoid-3-O-glucosyltransferase. The later steps correspond to conversions
that occur in P. hybrida flowers and include: 1 = addition of a rhamnose
sugar to the glucosyl residue of cyanidin-3-glucoside and delphinidin-3-
glucoside; 2 = acylation and 5-O-glucosylation; 3 = 3’ methylation; 4 = 5’

methylation; 5 = 3’5’ methylation.

Figure 2(A) shows 3',5"-hydroxylase activity in petal extracts of P. hybrida cv
V23 (Hf1/Hf1, H2/Hf2) and the lack of 3’,5 "-hydroxylase activity in P.
hybrida cv R51 (hfl/hfl, hf2/hf2). 3',5 "-hydroxylase activity was detected by
conversion of *H-naringenin to the 3’- and 3',5 ’-hydroxylated derivatives
eriodictyol and pentahydroxyflavanone. On the left-hand side of the figure the
biochemical structures of the substrate, naringenin and the product of the 3'-
hydroxylase reaction, eriodictyol and the 3’,5'-hydroxylase reaction,
Pentahydroxyflavanone are shown. The location of the substrate and the
hydroxylated products on the TLC plate is indicated on the right-hand side of
the Figure which shows from left to right the autoradiographs of the reaction
Products produced by petal extracts of flowers from P. hybrida cv V23 and P.

hybrida cv R51 and the control showing no hydroxylation of naringenin when



them) in the flowers. Thus, formation of the 3 ,4',5"-hydroxyl ated
flavonoids is clearly dependent on flavonoid 3',5' -hydroxyl ase activity.
The genes encodi ng 3',5'-hydroxyl ase have been identified in a nunber of
~ornanental plants including Callistephus (R), Petunia (Hf 1, Hf2) and
Verbena (P) by the presence of the respective nmutants unable to produce
del phi nidin. Moreover, the respective enzyne activities have been

denowst r at ed NROKHEH oMk HHom e réicribn chixelirexyl ase was al so considered to
be a m crosomal cytochrome.P450 enzyne (Heller and Forkmann, 1988).
However, there are no published reports of the cloning of a

3',5' - hydrox Btz NP .es. her ant
speci esycapaﬁ#‘%%g? Q%&&%{Q ?g53%§%09@ﬁ%5§¥% fﬁiﬁe é%pﬁgggn%%sﬁ%fyflha r
derivatives iQud GleryhBhies(QEB) (loseesiax diffepdnt de98opmeredlFhages UIFroAsRk @ al ,

1975); lisianthus (Asen et at, 1986), tomato (von \Wetrstein-Know es, 1968)
and potato (Fﬁg%ﬁhﬁéuéW&dgmd%f,‘gigai&)?PmF%Q@%6@0‘5‘@5‘? lflowgmer pl ants

bl e of i A B t NI .also b
el tab e sonr (QEReat, dosey plU T2 Blehr Y0 Rnien SRUAIN 8 20 )
nucl ei ¢ aci d petgenies ercHE rydebxybeed Hevative E[)n@ﬂi#d!o:ajﬂh*r&mmi(ll) pat hway

enzyne (e.qg. 3',5' -hydro ase re enconpasse the present invention
r engr dl (essgof Stage 2 Hoywers ﬁqgmen)te , Closed bugp(25-35 mmyin lengt%) : increased

conversion to peniahydroxyﬂavanone indicative of higher 3',5'-hydroxylase
levels, (3) Stage 3 flowers: [Dark purple bud with emerging corolla (>35 mm
in length)]: maximal 3’5’-hydroxylase activity, (4) Stage 4 flowers [Dark
purple opened flower pre-anther dehiscence (>50 mm in length)]: maximal
3’,5’-hydroxylase activity (5) Stage 5 flowers [Fully opened flower with all

anthers dehisced]: no detectable 3’,5'-hydroxylase levels.

Figure 3(A) is a schematic representation of a mRNA molecule encoding a
cytochrome P450. The shaded region indicates the relative position of
sequences encoding the haem binding domain. A consensus amino acid
sequence for the most conserved region of this domain has been shown using
single letter code. Amino acids that are present in 100% of cytochrome P450
sequences present in the SWISS-PROT database have been boxed and X

indicates positions where there is a low level of sequence conservation.

Figure 3(B) shows. the position of oligos used for PCR amplification of
cytochrome P450 molecules pCGP450 and pCGP454 from cDNA library #1.
Oligos 1 and 3 covered sequences in the conserved haem binding domain
while oligos 2 and 4 corresponded to the pBluescript (Stratagene) -20 and
Teverse primer seqﬁences, respectively. Oligos 1 and 2 were used to synthesize
the cDNA insert in pCGP4350; oligos 3 and 4 were used the synthesize the
¢DNA insert in pCGP454. Representation of a generalized cDNA molecule is
identical to that shown in Fig. 3A,; vector sequences have been indicated by
light shading.



~their source. -10- Likew se, the gene cloning strategy outlined here may
be used to isolate a 3',5' -hydroxyl ase gene from ot her plants which produce
3',4',5 -hydroxyl ated fl avonoi ds. C ones and ol i gonucl eoti des herein
disclgsed may be used to detect, isolate and clone simlar genetic
sequences using the same technol ogy as hergjn described, although some

m nor nodificacion(s) to the experinental procedures nmay be required. All

such ¥m nor var iaf.l RGO : Ly ' npl es of
other sui tabl eF B agayisre SREAHRE Ak BERES Rad R Whetg FEREPL CF
are not |im teeDNa\ livearefiato idiehfify dytovhrorge S0 Hondlogdeseagiriing pdGmgea,
cycl anen, potato nsy._and_eggpl ant. |In accordance with the present
invention, a naed BCCRII0e P EeReralizsrt superyomeR Aot slaNex sloae iWith 88zyme such
as 3',5" -hydroxy Ak By ' S iC
o ant her eby HGEREEY domad (HREHT SRILELS ppiite RIS Prlgfeld £1E000
substrates, ifpgyrigheesic e obtaihe®bpIPOR Wil bligos!St Aneb alsingl fFCGP142 DNA as

template; Fragment 2: a 1.3 kb fragment was isolated from a Sall-EcoRI digest

of pCGP147; Fragment 3: a 750 bp fragment was obtained by PCR with oligos

4 and 7 using pCGP158 DNA as template; Fragment 4: a 670 bp fragment was

isolated from a PstI-EcoRV digest of pCGP160; Fragment 5: a 150 bp

fragment was obtained by PCR with oligos 3 and 4 using pCGP454 DNA as

template. All purified fragments were labelled with #P-dCTP as described in

the Materials and Methods.

Figures 4(B) to (H) show partial nucleotide sequences and the corresponding
pfedicted amino acid translation products for the cDNA inserts from (i)
pCGP142, (if) pCGP147, (iii) pCGP1358, (iv) pCGP160 and (v) pCGP454. The
regions used to probe cDNA library #1 to isolate pCGP174 and pCGP175

have been delineated by arrowheads.

Figures 5 (A) and (B) are diagrammatic representations of plasmids pCGP174
and pCGP175', respectively. The cDNA inserts are indicated as open boxes
with the region encoding the putative haem-binding domain shown as a shaded
regioh. An EcoRI site is at the 5’-end and a Xhal site is at the 3"-end of
both cDNA inserts. |

Figure 6(A) is an autoradiograph of an RNA blot probed with the 3’ region of
the pCGP174 cDNA insert. Each lane contained a 20 pg sample of total RNA
isolated from the following petunia tissues-. 1-5: OGB limb tissue of flowers at
'.the five (1-5) different stages of flower development described in the Materials
and Methods; T: OGB tube tissue from stage 3-4 flowers; L: leaf tissue from 6
Wweek old OGB seedlings; IL: glucose/high light treated leaf tissue from 6
Wegk old OGB seedlings; V23: V23 limb tissue from stage 3-4 flowers; R51:



ant hocyani n derivatives of anthocyani dins such as del phinidin, petunidin or
mal vi di n. The production of these anthocyanins contributes to the .
production of a-variety of shades of blue col our or blue-Ilike col our.
Expression of the nucleic acid sequence in .the plant may be constitutive,

i nduti bl e or devel opnental. Accordingly, another aspect of the present

I nvention provides a nethod for producinglg_transgenic pl ant capabl e of
expr&£ssing a reconbi nant DHK hydr oxyl aci ng" enzyne or active nutants or

derivatives thene ' 0 r4 Sj.ng. (AL d Lt cell of a
sui tabl e pl anp%f}t C%E%Q%%ﬁae? éiarrso?%g%rig'ed?skﬁe rg;h o,r?%?#glé’g@é‘kgs?‘éafﬁ@%‘csiﬁ%ﬁg) 4
nucl eot i des efieadisngf thei V2IARS 1hF dhybeid; Bwadg petid Yitkb tissudeftornanakie 3-ans
permtting the eventugal r7essi on, of said_ nucl eic_acid nol ecul e,
regenerating EOWF%%%@H{’@% apetdl Ry tissieckpm age drolewers o % r ansgeni ¢
plant for a tinme and under conditions sufficient to permt the expression
of the nucleic acid. In a preferred enbodi nent, the present invention

cont enpl at es Figare!6{B) {04 representative autoradiograph from the RFLP analysis of the
V23xR351 (V/R) F, plants. Xbhal digested genomic DNA was probed with the
3’ region of pCGP174. The V23 fragment that hybridized strongly to the
probe was detected in all F, plants that had 3’,5-hydroxylase activity in tube
tissue of the flowers (+). RFLP designation for the strongly hybridizing bands
(RFLP#1) has been indicated for the various plants. V: V23-like RFLP, R:
R351-like RFLP, H: heterozygotic (VR).

Figure 7(A) is an autoradiograph of a RNA blot probed with the 3’ region of

| the pCGP175 cDNA insert. Each lane contained a 20 ug sample of total RNA
isolated from the following - 1-5: OGB limb tissue of flowers at the five (1-5)
different stages of flower developmént described in the Materials and
Methods; T: OGB tube tissue from stage 3-4 flowers; L: leaf tissue from 6
week old OGB seedlings; IL: glucose/high light treated leaf tissue from 6 week
old OGB seedlings; V23: V23 limb tissue from stage 3-4 flowers; R51: R51
corolla tissue from stage 3-4 flowers; VR: petal limb tissue from stage 3-4
flowers of the V23xRS1 F| hybrid; Sw63: petal limb tissue from stage 3-4
flowers of Sw63; Th7: petal limb tissue from stage 3-4 flowers of Th7.

Figure 7(B) is a representative autoradiograph from the RFLP analysis of the
V23xR51 (V/R) F, plants. Xbal digested genomic DNA was probed with the
3’ region of pCGP175. The RFLP designation obtained using the pCGP175
probe was identical to the pa designation assigned using the chi-A probe. V:
V23-like RFLP; R: R51-like RFLP; H: heterozygotic (VR) RFLP.



producing a transgenic flowering plant exhibiting altered inflorescence
properties, said nethod conprising introducing into a cell of a suitable
pl ant the nucleic acid sequence of the present invention under conditions
-perm jting the eventual expression of said nucleic acid sequence,
regenerating a transgenic plant fromthe.ggll and grow ng said transgenic
plant for a tinme and under conditions sufficient to permt the expression
of the nucleic acid sequence into the DHK hydroxyl ating enzyne. Preferably,
t he DHK hydroxyl ati ng enzyne is 3',5" -hydroxyl ase, is devel opnental ly :
regul ated and FzgereaBtsbowaidiagram's:neprdsandaudesaftilsespﬂ@mmcedzgmeahabIolﬂe or

red flowers or | our, .shades ep |ng on the | ogi cal

condi ti ons of ﬁﬁ@%@%u %F’é‘?‘?f“ pers of CBlSF (”t’e{’éFré e dpdic ‘ieg%i‘e'gﬁtb%d%’l linps
capabl e of pragigishid 3ndd! PA! SpRed ¥ aldfs g Tﬁesmgfeom(gﬁﬁﬁd‘?ﬂ@’ NR:3- rﬁg
possessi ng the appropriate physiological properties and genotype reqtired

for the devel oa:miemplBfmdhequutandrusdgmlr@udﬁbuée meiymernseljuercebuss ingdicacdd,
carnation, rysant hegum and gqlciaera I'n_certain

limted to rose, ,petunia

pl ant speci es lﬁﬁ'&? %vecr&pg;rgrsgﬂpgnqeox o0y L% §HFepH gecuanof, bei ng

defi ned s Th
Cigin of th égh@ﬁdé mﬂn{%ﬁ &cﬁﬂﬁr ox&ﬁréaa%&gsnwwht&lgﬂgﬁﬁﬁh?dén vat v

origin of the reconbi nant 3' ase or Its tives
are as with half arrow-heads. S1 = primer sequence 1; S2 = primer sequence 2; S3

= primer sequence 3; ATG indicates the methionine initiation codon and the-

total length of the clone in base pairs is also indicated.

Figures 9(A) to (D) are the nucleotide sequences and predicted amino acid
sequences for the cDNA inserts from pCGP176 and pCGP602. The insert
from pCGP602 includes the entire sequence shown. The 5’ end of the

pCGP176 insert is indicated with an arrowhead.

Figures 10(A) to (C) represent the nucleotide sequence and predicted amino

acid sequence for the ¢cDNA insert from pCGP175.

Figure 11 is a diagrammatic representation of the construction of pCGP618.
pCGP618 was constructed by cloning the pCGP175 cDNA insert in a sense
orientation behind the yeast glyceraldehyde-3-phosphate dehydrogenase
promoter (PGPD) in the expression vector pYGA22m. The cDNA insert from
pCGP175 was ligated as an EcoRI-Kpnl fragment with the large fragment that
resulted from an EcoRI/Kpnl digest of pYGA22m. E = EcoRI, H = HindII],
K = Kpnl, X = Xhol, IR = Inverted repeat of 2 pm plasmid, Trpl = Tmpl

gene, Ap = Ampicillin resistance marker.



her ei nbef ore descri bed and include enzynmes of petunia, verbena, del phinium
“grape, iris, freesia, hydrangea, cyclanmen, potato, pansy or eggpl ant
origin. One skilled in the-art will imedi ately recogni se the variations
applicable to this nethod such as increasing or decreasing the expression
of the enzyne naturally present in a targi-plant. This would lead to
differing shades of colours such as different shades of blue or red. In
orderr to decrease activity of a.target enzyne, such as 3',5'-hydroxyl ase,

the nucleic acid sequence encoding this enzyme or various partg.thereof
coul d be usedFilmﬂfﬂgzéhih%n%g»brfwéﬁ@!a{!q%@amfﬁ@a@trﬁ%%%é% ?Fé‘to i mit

the present g é@nih &Qg@ﬁ&@.ﬁﬁ@aw cﬁﬁ%aﬁsﬂ?gﬁéév c{;ﬁvérﬁoﬂro?bﬁphﬁ'iﬁ fn such
an anti sense nucln I C aci d seguence Wou?' ofma duplex wmth all or part of
t he natural | y (@cioaiBf,5 Ngydredylatep derifamet pematyueofayamornehus expraseeaf yeagt

translation of the nRNA.into active L, A terngtiyely, ribgzyrnes could

be used to i nakanFiPETSd"Irly ke &&E‘PQ Eegé%gg §EGH@§Q9$°§ » -hyc[roxﬁagé - _
activity was detected in untransformed yeast (C). Conversion of naringenin to
pentahydroxyflavanone by OGB 3’,5"-hydroxylase is also shown (OGB C).

Figure 12(B) shows a 3’,5"-hydroxylase assay of yeast extracts using *H-

dihydroquercetin as substrate. The autoradiographs show conversion of *H-

dihydroquercetin (DHQ) to *H-dihydromyricetin (DHM) by extracts of yeast

transformed with the plasmid pCGP618 (1 and 2). No 3’,5"-hydroxylase

activity was detected in untransformed yeast (C). Conversion of DHQ to DHM
" by OGB 3’,5'-hydroxylase is also shown (OGB C).

Figure 13 shows a 3',5-hydroxylase assay of yeast extracts using H-naringenin
as substrate. The autoradiograph shows conversion of *H-naringenin to the
3’,5'-hydroxylated derivative pentahydroxyflavanone by extracts of yeast
transformed with plasmids pCGP618 and pCGP620 (1 and 2, respectively). The
reaction produéfé obtained from the pCGP620 extract also included the 3'-
hydroxylated eriodictyol as well as some of the original naringenin substrate
indicating incomplete conversion to the 3',5 '-hydroxylated end product. No

3’,5'-hydroxylase activity was detected in untransformed yeast (C).

Figure 14 is a diagrammatic representation of the plasmid pCGP90. The cDNA
insert from pCGP602 was cloned in a sense orientation behind the Mac

promoter of the expression vector pCGP293 as illustrated.



Accordingly, the present invention extends to a nethod for producing a
transgeni c pl ant capabl e of expressing a reconbi nant di hydr okaenpf er ol

(DHK) hydroxyl ati ng enzyne or which directs transcription of a nucleic acid
sequence which is substantially conplementary to all or a part of a nRNA
nol ectil e transl atabl e to DHK hydroxyl ati Rgoenzyne, said nmethod conpri sing
introducing into a cell of a suitable plant the nucleic acid isolate
according to claim1l or 6 under conditions permtting the eventual
expression of said nucleic acid isolate, regenerating a transgeni c pl ant

fromthe cel | Egearegkdsiong &3i.2 hydsereipsaiassay efpetinia petel earagesd Theler

diti fficient it t ' f <nucl ej id isolate.
P thi s enbodiaiesreaiigr it B e sl F T 30y f 4% Bt 1 & ©
tulip, lily, |dighwndibndt *Hregigeninde) hmjpehmd&dxwmmhaﬁm ARlifdGe The

above net hods of producing transgenic plants, therefore, extend to the
al ternative of(Li)mfSkati&iSvd3a Y C@mdsd%ghew leyelsrf aspivisylivene datestad iscthse

MRNA or ol i gonucl eqt i dg \t I i regi on en f
nucl eot | des erBRiRL G & 38 sPE s rd] yaBeBRan oyl MR GRET/G
hlydr oxyl ase. GgOSRaMRM LY hythsxylkeactiviry wisaeieorrdet exmdarstof takIpetdlansgeni c
ants contalnin |
P (T) gof either the non-transgenic Skr4 x Swé3 hybrid or the two pCGP90
transgenics. Conversion of naringenin to pentahydroxyflavanone by extracts of .

limb (L) and tube (T) petal tissue of OGB is also shown.

Figure 16 is a photographic representation of an autoradiograph of an RNA
blot probed with P-labelled Hft ¢cDNA. Each lane contained a 20ug sample
of total RNA isolated from (1) P. hybrida cv. OGB petals; (2) pansy petals;
(3) potato stems; (4) eggplant skins; (5) Nicotiana alata flowers; (6)
Ageratum flowers. The probe used for A and B was derived from a 660 bp
Ball DNA fragment; a 1.4 kb EcoRI/HindIII fragment was used for C.
Washing conditions used were: (A) 6 x SSC at 50°C; (B) 2 x SSC at 50°C;
(C) 0.2 x SSC at 65°C.

Figure 17 is a photographic representation of autoradiographs of Southern
blots probed with 2p.labelled Hfl ¢cDNA. Each lane contained 10ug of DNA
digested with EcoRI. The DNA samples were isolated from (1) eggplant, (2)
dutch iris, (3) potato, (4) viclets and (5) anemone. Washing conditions were:
(A) 6 x SSC at 50°C; (B) 2 x SSC at 65°C.



all or part of the nucleic acid sequence of the present invention, or

anti sense forns thereof and/or any honol ogues or related forns thereof and
in particular those transgenic plants which exhibit altered inflorescence
Properties. The transgenic plants, therefore, contain a stably introduced
nucl ei ¢ acid nol ecul e conprising a nucl eotide sequence encodi ng or
conplenentary to a sequence encoding a DHthydroxyIating enzynme and in -
13 - pparticular high pH plant [ines carrying such introduced nucleic acid
nol ecul es as referred to above. The invention also extends to seeds from

such transgeni c plants. Such seeds, esEz&gllgbéif coloured, will be usefull
as proprietary tags for plants. A furt ct of the present invention

is directed to reconbi nant fonmVvATEREDHANDMEBTHODNg enzynes and in
particul ar reconmbi nant 3',5' - hydroxyl ase. The reconbi nant forns of the

enzynmes will provide a source of material for research to develop, for
exanpl e, nore Eﬁérirﬁ/c%lsel-?r%%eess a%m}ﬁisotopes
Eriodictyol and dihydroquercetin were obtained from Carl Roth KG and
naringenin was obtained from Sigma. Dihydromyricetin was chemically
synthesized from myricetin (Extra Synthese, France) by the method of Vercruysse
et al. (1985). [*H]-naringenin (5.7 Ci/mmole) and [*H]-dihydroquercetin (12.4
Ci/mmole) were obtained from Amersham. All enzymes were obtained from

commercial sources and used according to the manufacturer’s recommendations.

Bacterial Strains
The Escherichia coli strains used were;
DH5a SupE44, A(lacZ YA-ArgF)U169, $80lacZ AM1S, hsdR17 (r,, my "),
tecAl, endAl,_gwA96, thi-l, telAl, deoR. (Hanahan, 1983 and
BRL, 1986).
XL1-Blue  supE44, hsdR17 (r,, m, ), recAl, endAl, gyrA96, thi-l, telAl,
- lag’, [F'proAB, lacl?, lacZ AM1S, Tn10(tet")] (Bullock er al,1987).

PLK-F" tecA, bsdR17 (r,, m, *), merA’, merB’, lac), supE44, galK2, galT22,
‘ metBl, [F’ proAB, lacl?, lacZ AM15, Tnl0(tet)] (Stratagene).

The disarmed Agrobacterium tumefaciens strain AGLO (Lazo et al, 1991) was
obtained from R. Ludwig (Department of Biology, University of California, Santa

Cruz).

The cloning vectors pBluescript and pBluescribe were obtained from Stratagene.



be useful in developing in vitro systens for production of coloured
conpounds. Anot her ~aspect of the present invention contenplates a nethod
for cloning a nucleic acid nolecul e conprising a sequence of nucl eoti des
whi ch. encode or are conplenentary to a sequence whi ch encode, a cytochrone
P450 nol ecule or Iike nolecule froma plant, said nmethod conprising
anplification of cytochrone P450 nucl eo22 de sequences or conpl enentary
sequences froma suitable preparation of nucleic acid nolecules fromcells
of said plant by polynerase chain reactions using one or nore

[ om one. or TrASSERARAE S SUEfithdk SARORHBRN i C1 0s0mml oyt oG Orte PASO.
I | es. [ ; j
ol ecul o5 el B8 LD BRaid DEIPLIRG AU LN GO RBRY) BEL O

P450 nuclei ¢ a l'es or their conpl enentary sequences cO

sel ecting fgethod sfuidoabl e at[PWPO0). brary a cl one capable of hybridising to
one or nore oligonucleotide priners corresponding to one or nore consensus
sequences or known cytochronme P450 nol ecul es. Preferably, one of the

ol ecu o5 ant et BEGHERTFIE TS BRSPS R drBharthd tebilers?

aci d) or i s erXERB0 O¥G@dding Sugwsplagmef BNAetb 100 pL of competent AGLO cells
prepared by inoculating a SOmL MG/L (Garfinkel and Nester, 1980) culture and
growing for 16 hrs with shaking at 28°C. The cells were then pelleted and-
resuspended in 0.5 mL of 85% (v/v) 100 mM CaCl,/15% (v/v) glycerol. The

DNA- Agrobacterium mixture was frozen by incubation in liquid N, for 2 minutes

and then allowed to thaw by incubation at 37°C for 5 minutes. The
DNA/bacterial mix was then placed on ice for a further 10 minutes. The cells
were then mixed with 1 mL of MG/L media and incubated with shaking for 16
hours at 28°C. Cells of A. tumefaciens carrying pCGP90 were selected on MG/L
agar plates. containing 100 pg/mL gentamycin. The presence of pCGP90 was
confirmed by Southern Analysis of DNA isolated from the gentamycin resistant

transformants.

The Petunia hybrida varieties used are shown in Table 2.



enbodi nent, the nucl eotide sequences to be cloned encode or are
conpl ementary to sequences which encode, a DHK hydroxyl ati ng enzynme, and

-14- in particular 3,5 -hydroxylase. Even.nore

3',5 «hydroxyl ase is as her ei nbef ore descri bed and, nore particularly,
an am no acid sequence or i's encoded for by a sequence of nucleotides

preferably, the

has

substantially as set forth in Figures 9 oe2320 or has simlarity thereto as
defirred above. The present invention is further described by reference to
Figures 1(A) and (B) are

the followng non- limting Figures and Exanpl e.

schematic representations of the biosymapsEs2pat hway for the flavonoid
pi gnents. Enzynes involved in the firpfanp&fde®ls t he pathway have been

i ndi cated as follows: PAL = Phenyl al ani ne amoni

4 hydr oxyl ase; 4CL = 4-coumarate: CoA |igase; CHS = Chal cone synt hase;

Chal cone fIavanone i sonmer ase F3H = FI avanone

a-lyase; C4H = G nnamate

3- hydr oxyl ase; DFR =

Plant variety Propenies

Source/Reference

Old Glory Blue(OGB) F, Hybrid

V30 Anl, An2, An3, An4, An6
Ang, An9, Anl0, Anll, Phl
Ph2, Ph3, Ph4, PhS, Hfl,
Hf2, Htl, He2, Re, Mtl, M2,
mfl, po, Gf

V23 Anl, An2, An3, And, Ané
An8, An9, Anl0, phi, Hfl,
Hf2, hil, Ry, Po, Bl, Fl

R51 Anl, An2, An3, and, Anb,
An8, An9, Anl0, Anll,
Phl, hfl, hf2, Htl, rt,
po, bi, fl

Swb3 Anl, An2, An3, and, An6,
An8, An9, Anl0, Anlt,
Phl, Ph2, PhS, hfl, hf2
hel, he, rt, po, mfl, fl, Gf

Th7 Anl, An2, An3, An4, An6
An9, Anl0, Anll, Hfl, Hf2,
Htl, He2, Phl, Ph2, PhS, Re,
po, mfl, mf2, Gf, fl

Skrd Anl, An2, An3, And, Ané,
Anll, hfl, hf2, hel, Phi, Ph2,
Ph3, rt, Po, Mf1, Mf2, fl

Skr4 x Sw63 Skr4 x Sw63 F, Hybrid

Ball Seed, USA

Koes ez al. (1986)

Wallroth er al. (1986)
Doodeman ez al. 1984

Wallroth et al. (1986)
van Tunen et al. (1990)
Doodeman et al. (1984)

LN.R.A,, Dijon, Cedex,
France

CHI



fl avonoi d- 3-0- gl ucosyl transferase. The | ater steps correspond to
conversions that occur in P. hybrida flowers and include: 1 = addition of a
rhammose sugar to the glucosyl residue of cyanidin-3-glucoside and
del phi ni di n-3- glucoside; 2 = acyl ation 'and 5-0-gl ucosylation; 3 = 3
met hyl ation; 4 = 5 nmethylation; 5 = 3'5" nmethylation. Figure 2(A) shows
3',5'-hydroxyl ase activity in petal extfdcts of P. hybrida cv V23 (Hfl/Hf1,
Hf 2/Hf 2) and the | ack of 3',5'-hydroxylase activity in P. hybrida cv R51
(hfl /hfl, hf2/hf2). 3,5 -hydroxylase activity was detected by conversion
of 3H nari AeBLE 2 goBgued .. and 3',5' - hydroxyl ated derivatives eriodictyol -
and pent ahydroxyfl avanone. On the |eft-hand side of the figure the
bi ochem cal__structures of the substrate, naringenin and the product of the
3'- hydroxyl ase reaction, eriodictyol and the 3',5"-hydroxylase reaction,
pent ahydro @,)@-M?e ar e prbpeies The | ocati on rate and the
hydr oxyl at )éE{dHE)roduc S on theBTLgs plate is i ndisggfaggﬁgﬁk%?ﬁg ri ght-hand side
of the Fi gure—whith—Shows fromteft—torrght—the—autoradrographs—oet—t he
reacti on products produced by petal extracts of flowers fromP. hybrida cv
V23 and P. _hybrida cv I?Sl and the control show nlg no_hydr oxyl ati on of
nari ngeni n Anl, An2, And, Phl, ph2, LN.R.A, Dijon, Cedex

PhS5, hfl, hf2, Htl, Re, Po, France

Bl, Lgl, Lul, Vs, Vs3, Vs5,

la, Ygli, ws, Gf, Mtl, Mf2, fl

Rp57 Anl, An2, An4, Phl, ph2, " . "
Ph3, hfl, hf2, Hel, Re, Po,
Mt, Mf, fl, Gf, Bl, Lgl, Lul,
Vsl, Vs3, VsS, Ygi, Ws.

RpS7 x Rwl4 Rp57 x Rwl4 F, Hybrid

Plants were grown in specialised growth rooms with a 14 hr day length at a
light intensity of 10,000 lux and a temperature of 22 to 26°C. OGB flowers

were harvested at developmental stages defined as follows:

Stage 1: Unpigmented, closed bud (<25 mm in length)
Stage 2: Pigmented, closed bud (25-35 mm in length).
Stage 3: Dark purple bud with emerging corolla (>35 mm in length).
Stage 4: Dark purple opened flower pre-anther dehiscence
~ (>S50 mm in length).
Stage 5: Fully opened flower with all anthers dehisced.

Flowers of the other varieties, as described in Table 2, were harvested prior to

anther dehiscence at the stage of maximum pigment accumulation.



NADPH is omtted fromthe reaction m xture. Figure 2(B) shows
3', 5" -hydroxyl ase activit_y_, in petal extracts of P. hybrida ¢cv Add Gory
Blue (O3B) flowers at different devel opnmental stages. Fromleft to right
the autoradi ographs of the TLC plates show (1) Stage | flowers

[Unp| gnented, closed bud (<25 nmin length)]: limted conversion of
naringenin to the 3,5 -hydroxyl ated deri vati ve pent ahydroxyfl avanone, (2)
Stage 2 flowers [Pignented, closed bud (25-35 mmin length)]: increased

conversion to pentahydroxyfl avanone indicative of higher 3,5 -hydroxyl ase

| evel s, (SPrQba'ga'oﬂ qTIR:lamExtrpmrﬂar Busgy o I3 -Hydioxylase gicngt)cor olla (>35 nm
|nIengt h) maxi m dro ylas thIt (4) Stage flowers (Dark
pur pI e ope gﬂ“f fsﬁ'\}\%PaBP@"}ﬂéﬂgF d%ﬁ‘lg{:%ﬁégnf% e ‘ﬁe'g%lﬁg‘?ﬁ)af‘m%m nal

3 - hydr @itk A B ROCPRIM ﬁ@ Fm- f with

aII ant hersﬁ%fghﬁsced] \ﬁr?g%éet ecgbﬁ‘?‘gé(ﬁ{mgroxy as gg% s Yy‘g‘éure 3(A
is a scherrﬂtZScMrmpnaEelnDd%dW/M) B8 Ay TR0\ nivb | Repsdaeing hd® divh heapepying Ol1r one

P450. The sh d ates the relative of s uences
encodi ng t M Hggg&g%d&@rﬁoﬁrﬁeﬁc A%Bﬂ%%lrf‘é‘ﬁlsmaﬁi&iﬂhaﬁ&dd
homogenate was centrifuged at 10,000 rpm in a JA20 rotor (Beckman) for 10
min at 4°C and an aliquot of the supernatant was assayed for 3',5'-

hydroxylase activity.

3+,5'-Hydroxylase Assay

3’,5'-Hydroxylase enzyme activity was measured using a modified version of
the method described by Stotz and Forkmann (1982). The assay reaction
mixture typically contained 100 pL of plant extract, SpL of S0 mM NADPH in
assay buffer (100 mM potassium phosphate (pH8.0), 1 mM EDTA and 20 mM
2-mercaptoethanol), 10 uCi of [3H] naringenin or 5 pCi of [HJ-
dihydroquercetin and was made up to a final volume of 210 pL with the assay
buffer. Following incubation at 23°C for 2-16 hours, the reaction mixture was
extracted with 0.5 mL of ethylacetate. The ethyl acetate phase was dried
under vacuum and then resuspended in 10 pL of ethyl acetate. The tritiated
flavonoid molecules were separated on cellulose thin layer plates (Merck Art
5577, Germany) using a chloroform: acetic acid: water (10:9:1, v/v) solvent
system. At the completion of the chromatography, the TLC plates were
sprayed with 7% (v/v) 2,5-diphenyloxazol in diethyl ether. The reaction
products were localised by autoradiography and identified by comparison to
non-radioactive naringenih, eriodictyol, dihydroquercetin and dihydromyricetin
standards which were run alongside the reaction products and visualized under
UV light. '



.sequence for the nost conserved region of thi's domain has been shown using
single letter code. Anmino acids that are present in 100% of -cytochrone P450
sequences present in the -SWSS-PROT dat abase have been boxed and X

i ndi cates positions where there is a low | evel of sequence conservation.
Figure 3(B) shows the position of oligos used for PCR anplification of

cyt ochrome P450 nol ecul es pCGP450 and "B6GP454 from cDNA |ibrary #1. Oigos
1 and 3 covered sequences in the conserved haem binding domain while
oligos 2 and 4 corresponded to the pBluescript (Stratagene) -20 and reverse

primer sequ . [ Q¥ 1 .gnd_.2 re.used to synthesize the
CDNA i nserteﬂ%(a%@ggg'g}ﬁ é?‘?lé%%°‘%°faﬁg‘%ﬂ'%@}‘bsx}§£§ﬂ%m YfShesi ze t he CDNA
insert in pCGRESerRapresed ftdch @ Mobrida 6LGH Ad®euCih 160k eeitldhsiis
identical to that shown in Fig. 3A" vector sequences have been Imdi cat ed by
| i ght shadisweyile water.1ghe leafGaetons(wgrei then floabsehran iac2%e(w/o3 giucaté on of DNA

fragments UantlideaRd @fbsed to a light intensity of 24,000 lux for 96 hours.

Construction of cDNA Library #1

Twenty grams of stage 3 to 4 OGB flower limbs were homogenised in 100 mL
of PEB (200 mM Tris-HCl (pH 8.6), 60 mM KCl, 30 mM MgCl,, 25 mM
EGTA) containing 10 mM vanadyl ribonuclecside complex. Cell debris was
removed by filtering the hémogenate through sterile Miracloth (Calbiochem).
The filtrate was layered on top of a step gradient of 6 mL of PEB containing
25% (w/v) sucrose, 250 units InhibitAce (5-Prime 3-Prime), and 6 mL of PEB
containing 50% (w/v) sucrose and 250 units InhibitAce in Ultra-Clear™
Quick-Seal™ (Beckman) centrifuge tubes. The tubes were centrifuged for 3.5
hours at 26,000 rpm in a 70Ti rocor. Membrane-bound polysomes were
collected from the 25% (w/v) sucrose /50% (w/v) sucrose interface and added
to a2 4 M guanidium isothiocyanate solution. RNA was isolated from the
denatured polysomes by pelleting through a 5.7 M CsCl cushion, as described
by Turpen and Griffith (1986).

A Uni-ZAP™ XR vector kit (Stratagene) was used to construct a directional
cDNA library in AZAP using 25 ug of the polysomal RNA as template. The
primary library, which contained 250,000 plaque forming units (pfu), was
amplified by overnight growth on NZY plates (Sambrook et al, 1989) and the
amplified phage stock was eluted in PSB (100 mM NaCl, 8 mM MgSO,, 50
mM Tris-HCI (pH 7.5), 0.01% (w/v) gelatin) as described by Sambrook et al,
(1989).



CDNA [ibrary #1 to identify cytochrone P450 honol ogues, including pCGP174
and pCGP175. P450: generalized cytochronme P450 cDNA clone with the

haem bi nding domai n (Haen) .indicated by the shaded box; Fragment 1: a 900
bp fragrrent was obt ai ned by PCR with oligos 5 and 6 using pCG142 DNA as
tenpl ate; Fragnment 2: a 1.3 kb fragment ogas isol ated froma Sal |l -EcoRl

di gest of pCGPl47 Fragment 3: a 750 bp fragnment was obtained by PCR with

i 4 t bp f t
vas ool at ed F Gl R e ¥ Bk PRl i P ATSR00 Soud ailhal 1| 20"
fragment vva Pﬁhxtmam&)jwm,chl?@ﬂ baenhequilityaed3in8TE buffer (§ambeFb 4 &IA as

tenpl ate. 5 gf e%@( ments were | abelled with [err]-dCTP as descri bed
in the Mat er1| 98Pk 4R8 PhFP Sl Fdgrofprmy exgragtey whaaqalt precipifaesdeot i de

or the cDNAS ORI ST TaRRRRoRRAG o SE il eR s AR B Bhsdl °(1) °
pCGP160 and wiWh Omﬁﬂethihel ra&gdm&am&e&tuk;&r@’edbﬁ ICUDIBBdfl'ItE duffer l1g O

i sol ate pCGP174_an en delineated by arrowheads. F| gures 5
(A) and (B) ra%@ﬁib&%ﬁ?b Fdhtions of plasnids pCGP174 and

pCGP175, respectively. The cDNA inserts are indicated as open boxes

NA-45 membrane (Schleicher and Schuell) was used to isolate cDNA in the

size range of 1.3 to 2.5kb from a 7.5 pL sample that had been electrophoresed
through a 1% (w/v) agarose gel.

The size fractionated cDNA was ligated with 1 ug AZAPII EcoRI/Xhol/ CIAP
treated vector (Stratagene) in 5 pL reaction buffer consisting of S0 mM Tris-
HCI (pH 7.0), 10 mM MgCl,, 10 mM dithiothreitol, 1 mM ATP and 2 units T4
DNA ligase. The reaction was performed at 4°C for 2 days.

After leaving at room temperature for two hours, the ligation reaction mixture

was packaged using the Packagene system (Promega). The total number of
recombinants was 270,000 pfu.

An amount of 150,000 pfu of the packaged cDNA was plated at 10,000 pfu per
15 cm diameter plate after transfecting PLK-F’ cells. The plates were
incubated at 37°C for eight hours, then stored overnight at 4°C. Duplicate lifts
were taken onto Colony/Plaque Screen™ filters (Dupont) and treated as

recommended by the manufacturer.

Synthesis of Oligonucleotides
| Oligonucleotides were synthesized on an Applied Biosystems PCR-Mate DNA
synthesizer using methods recommended by the manufacturer. The
oligonucleotides synthesized were, 5'-3":

Oligo 1:  GGAAGCTTATICCITT(T/C)GGIGCIGG

Oligo2:  GGATGACTCAGTAAAACGACGGCCAGT



with the region encoding the putative haem bi ndi ng domai n shown as a shaded
region. An EcoRl siteis at the 5 -end and a Xhol site is at the 3'-end of
both cDNA inserts. Figure 6(A) is an autoradi ograph of an RNA bl ot probed
with the 3' region of the pCGP174 cDNA insert. Each |ane contained a 20
[err] sanmple of total RNA isolated from27he followi ng petunia tissues- 1-5:
OB linb tissue of flowers at the five (1-5) different stages of flower
devel.opnment described in the Materials and Met hods; T: OGB cube tissue from
stage 3-4 flowers; L: leaf tissue from6 Wek old OGB seedlings; IL:

gl ucose/ hi ngQ’fiséﬁ{C“PPe%ft&iV’f‘éd?raHﬁue from 6 Wek ol d OGB seedlings; V23:

V23 linb ti - ; : - , 5 |la ti

from stage 3roii Foveres KReeatrdn e cBtalBiue of P, aithidass SGE R B o the
V23xR5Il [ er r{ fibwbrsi whingSu3mehoidadt Tmnpbntdnas@ﬁfffchqns&s)aqgalg(ﬁb*fkmaewas of
SW63; Th7: petal |inmb tissue fromstage 3-4 flowers_of Th7. Figure 6(B) is
a represent SelerEehiToRY €6 QR PN Py Hires systes of aliga-¢Ticsilulose he

chromatography (Aviv and Leder, 1972).

Two micrograms of poly(A)" RNA were reverse transcribed in a 20 pL volume
containing 1 x Superscript™ reaction buffer, 10 mM dithiothreitol, 500 pM
dATP, 500 uM dGTP, 500 uM dTTP, S00 uM S-methyl-dCTP, 0.75 pg
oligonucleotide #8 and 2 pL Superscript™ reverse transcriptase (BRL). The
reaction mix was incubated at 37°C for 50 minutes, 44°C for 10 minutes, then

placed on ice.

Second strand reaction mix (140 pL) was added to the first strand reaction.
The second strand reaction mix consisted of 21 mM Tris-HCl, 104 mM KCl,
5.3 mM MgCl,, 171 p.M. g-NAD, 11.4 mM (NH,),SO,, 214 uM dATP, 642 uM
dCTP, 214 uM dGTP, 214uM dTTP, 4 mM DTT, 10 uCi *P-dCTP (3000
Ci/mMole), 15 units E. coli DNA ligase, 40 units DNA polymerase '
(Boehringer) and 0.8 units RNAse H. The final mixture was incubated for 150
minutes at 16°C. To make the double-stranded cDNA blunt-ended, 10 units
T4 DNA polymerase was added, and the reaction continued for a further 15
minutes at 16°C. The reaction was stopped and the ¢cDNA purified by
phenol/chloroform extraction, followed by chloroform extraction and ethanol

precipitation.

EcoRI adaptors (Promega) were ligated with the cDNA and then kinased
using conditions recommended by the manufacturer. The enzymes were
denatured by heat (70°C, 20 minutes) and the DNA was purified by
phenol/chloroform extraction and ethanol precipitation. The cDNA was
digested with 50 units Xhol (Boehringer) in a reaction volume of 100 uL, using

conditions recommended by the manufacturer. The enzyme was heat killed



V23xR51 (VIR) [err] plants. Xbal digested genom c DNA was probed with the
3region of pCGPl 74. The V23 fragnent that hybridized strongly to the probe
was detected in all [err] plants that had 3',5'-hydroxyl ase activity in
tube tissue of the flowers (+). RFLP designation for the strongly

hybri di zi ng bands (RFLP#1) has been indicated for the various plants. V:
V23-1i ke RFLP, R RSl-like RFLP, H heterozygotic (VR). Figure 7(A) is an
aut or adi ograph of a RNA bl ot probed w r#%he 3' region of the pCGP175 cDNA
insert. Each | ane contained a 20 [err] sanple of total RNA isolated from
the followng - 1-5: OB linb tissue of flowers at the five (1-5) different
st ages of flc?lawer devel opnent described in the Materials and Methods; T. OGB
tube tissue gﬂ“r?‘stage 3-4 flowers; L: leaf tissue from6 week old OGB
seedl i ngs; IACIGGUAPSHCALSTICIGIT)(OY )MCIGG€@AVCRMG/GGK old OGB
seedlings; V23: V23 linb tissue fromstage 3-4 flowers; R51: R51 corolla
tissue fromQligegd 3- 4 GUAIGACTIAAASAGUTATCAGSAEG rom stage 3-4 flowers

of the V23xR51 Jerr] -q; : i tissue fromstage 3-4 flowers
of SWe3; Th!?i‘%?[e?'al |%¢g§§1§é¢%‘ﬂ&%3@b4 flowers of Th7. Figure 7(B)
is a repr es gy pve agoredrorTaAnTCcoaTtAe RFLP anal ysis of the V23xR51
(VIR [err] C§)I ants. Xbal digested genom c DNA was probed with the
ligo 7: TGCATAGC GGG

Oligo 8:

GAGAGAGAGAGAGAGAGAGATCTCGAGTTTITITITITITTTITITIT

Oligo 9: ATGTCTCCTCCAGTG

Oligo 10: CTAGACTCCAATCAC

Oligos 2 and 4 included a GCN4 binding site (indicated by underlining) which
has been shown to facilitate the enrichment of double stranded PCR products
(Lew and Kemp, 1989). '

The basis for the design of oligo 3 was as follows: Amino acid sequences from
the putative haem-binding domain of an avocado cytochrome P450 (Bozak et
al, 1990) and the corresponding séquences encoded by the two petunia
cytochrome P450 homologues pCGP142 and pCGP147 were aligned:

avocado

P F G A G R R GC P G
pCGP142 P F G A G K R I C P G
pCGP147 P F G S G R R I C P G

The consensus amino acid sequence of the haem-binding region for the three
plant cytochromes P450 could thereby be seen to be:
PFGAS)GRK)RIG)CPG



3" region of pCGP175. The RFLP designation obtained using the pCGP175 probe
was identical to the po designation assigned using the chi-A probe. V:
V23-1i ke RFLP; R R51-like RFLP; H. heterozygotic (VR RFLP, - 18 -
Figure 8 shows a diagrammatic representation of a restriction enzyne map of
pCGP602. Partial |engths of the cDNA i n$6rt are indicated by the bol der
lines with solid ends (as opposed to arrows). Tnese were subcloned into
ML3- ipl 8 and npl 9 and sequenced usi ng ol i gonucl eoti de priner sequences, as

i ndi cat ed, ain ove ence information. The extent and

di rection ofﬁ)qss@‘g oREE Y H 18?'{1)& 5“831: g#aﬁeﬁléﬂmfer EQLR KB F(Sh‘\’eémﬁi‘%ce i s
shown by | I nggdsWollid igithe BBEAWIRARL Yomaln of Pid EFﬁ-Ee%ﬁﬁH @2 = primer
sequence 2; S3 = primer sequence 3] ATG Indicates t et hi on| ne initiation

codon and t teoleculss coeldgthian e dedaced:one i n base pairs is also indicated.
Figures 9(A) to (D) are the nucl eoci de sequences and predicted am no acid

sequences for the. S| BTk " RS MK WL W ol o

CAA
T

X indicates nucleotide positions where all four nucleotides (A,C,G and T) can -
be used. Oligo 3 was designed to complement a subset of the consensus
sequence derived from the three plant cytochromes P450. Deoxyinosine (I)
was used predominantly when base degeneracy was greater than three.” The

resulting oligonucleotide sequence was as shown above.

PCR Reactions

Helper phage R408 (Stratagene) was used to excise pBluescript phagemids
containing petunia cDNA inserts from 200,000 pfu of the amplified AZAP
cDNA library #1 using methods described by the manufacturer. Escherichia
coli XL1- Blue were transfected with the phagemid mixture and 250,000
colonies were plated out on amﬁicillin-concaining media. Cells were
resuspended in LB (Sambrook et al, 1989) and plasmid DNA was isolated
using an alkaline lysis procedure (Sambrook et al, 1989). Plasmid DNA was
further purified by banding on a CsCl grad1ent This. DNA was used as the
template for PCR.

PCR reactions for amplification of petal cytochrome P450 homologues
contained 5 to 100ng of excised DNA, 10 mM Tris-HCI (pH 8.3), 50 mM KCl,
L5 mM MgCl,, 0.01% (w/v) gelatin, 0.2 mM each dNTP, 0.4 uM each primer
and 1.25 units Taq polymerase (Cetus). Reaction mixes (50 pL) were cycled
30 times between 94°C, 48°C and 72°C for 1 minute at each temperature. The
amplified products were gel-purified using Geneclean (Bio 101 Inc.),
reamplified to obtain sufficient material for cloning and then end-repaired

using T4 DNA polymerase. DNA amplified using oligos 1 and 2 was digested



from pCGP602 includes the entire sequence shown.. The 5 end of the pCGP176
insert is indicated wth an arrowhead. Fi gures 10(A) to (C represent the
nucl eoti de sequence and predicted am no acid sequence for the cDNA insert
from pCGP175. Figure 11 is-a diagrammuatic representation of the
consttuction of pCGP618. pCGP618 was constructed by cloning the pCGP175
cDNA insert in a’'sense orientation beht@tl-the yeast

gl ycer al dehyde- 3- phosphat e dehydrogenase pronoter (PGPD) in the expression

vect or pYGAZ4eh HiheIIT Bivh Xhod eior fio eionikgitd pBladsctibgaTae FCR drodie@R! - Kpol
fragnent with the I%r, e fra r:renL that resulted, froman EcoRI'/Konl digest
of pYGA22m generags, ,gﬂmhﬁc 19R PeTvern-oliges B and 4 wep slonedrdizectly\iata d¢ r epeat

o, 2 B bR m R S By MO g pagTisgOee TR ke
3H naringenin as substrate. The autoradi ographs show conversion of
3rnar] ngemsrl:reening of ¢cDNA Libraries
Duplicate plaque lifts were hybridised and washed as follows: High stringency
conditions (hybridization: 50% (v/v) formamide, 6 x SSC, 1% (w/v) SDS at
42°C for 16 hrs and washing: 2 x SSC, 1% (w/v) SDS at 65°C for 2 x 15
minutes followed by 0.2 x SSC, 1% (w/v) SDS at 65°C for 2 x 15 minutes)
were used to detect sibling clones and low stringency conditions (hybridisation:
20% (v/v) formamide, 6 x SSC, 1% (w/v) SDS at 42°C for 16 hrs and washing:
6 x SSC, 1% (w/v) SDS at 65°C for 1 hour) were used to detect related

sequences.

Northern Analysis

Total RNA was isolated from tissue that had been frozen in liquid N, and
ground to a fine powder using a mortar and pestle. An extraction buffer of 4
M guanidium isothiocyanate, 50 mM Tris-HCl (pH 8.0), 20 mM EDTA, 0.1%
(v/v) Sarkosyl, was added to the tissue and the mixture was homogenized for 1
minute using a polytron at maximum speed. The suspension was filtered
through Miracloth (Calbiochem) and centrifuged in a JA20 rotor for 10
minutes at 10,000 rpm. The supernatant was collected and made to 0.2 g/ mL
CsCl (w/v). Samples were then layered over a 10 mL cushion of 5.7 M CsCl,
50 mM EDTA (pH 7.0) in 38.5 mL Quick-seal centrifuge tubes (Beckman) and
centrifuged at 42,000 rpm for 12-16 hours at 23°C in a Ti-70 rotor. Pellets
were resuspended in TE/SDS (10 mM Tris-HCI (pH 7.5), 1 mM EDTA, 0.1%
(w/v) SDS) and extracted with phenol:chloroform:isoamyl alcohol (25:24:1)
saturated in 10 mM EDTA (pH 7.5). Following ethanol precipitation the
RNA pellets were resuspended in TE/SDS.



to the 3',5 -hydroxyl ated derivative pentahydroxyfl avanone by extracts of
yeast transforned with the plasmd pCG618 (1 and 2). No 3',5'-hydroxyl ase
activity was detected in untransformed yeast (C). Conversion of naringenin
t o pentahydroxyflavanone by OGB 3',5'-hydroxylase is also showmn (OGB C).
Figure 12(B) shows a 3',5' -hydroxyl ase assay of yeast extracts using 3H
di hydroquercetin as substrate. The autor®di ogr aphs show conversi on of 3H
di hydroquercetin (DHQ to 3H-di hydronyricetin (DHVM by extracts of yeast
transforned with the plasm d pCG618 (1 and 2). No 3',5'-hydroxyl ase

activity was tected i n _untransforne east Conver si, 0 to DHM
by OB % 5 RRGu RS S8 SlesoanSirien troreh &p MrfoqmaldeniclAe @/

3', 5" - hydr oxylase Rnetund iALS err]-naringenin as
substrate. e aut%?ﬁdi ggg;r aphﬂétﬁgﬁs& (E:%?lt\}t‘ﬁuer%gs%mnglg%[ 3H naringenin to the

3', 5' - hydr oxybgthedindprapaaesulphqrie aeidy(gpib ¥ 9),| amdd sodiuby aeetateaOtlsmM yeast

Lm0 oo b PR STR A S B e e SRR, o
SUbSt T At o § 1 ey e Bp e yatdondls AT pribed Wi TE bR CON AR g
product. No (30° Bpmhygirdx\L0%epmamili)y i Rrghytasiizieioadildd atrd296) madsf or med yeast
(). hybridization (16 hr at 42°C) was carried out in 50% (v/v) formamide, 1 M
NaCl, 1% (w/v) SDS, 10% (w/v) dextran sulbhate. Degraded salmon sperm
~ DNA (100 pg/mL) was added with the *P-labelled probe for the hybridization

step.

Filters were washed in 2 x SSC/ 1% (w/v) SDS at 65°C for 1 to 2 hours and
then 0.2 x SSC/ 1% (w/v) SDS at 65°C for 0.5 to 1 hour. Filters were exposed
to Kodak XAR film with an intensifying screen at -70°C for 48 hours. |

1
RFLP Analysis
a. Isolation of Genomic DNA
DNA was isolated from leaf tissue essentially as described by Dellaporta et al,
(1983). The DNA preparations were further purified by CsCl buoyant density
centrifugation (Sambrook et al, 1989).

b. Southern blots _

The genomic DNA (10 pg) was digested for 16 hours with 60 units of Xbal |
and electrophoresed through a 0.7% (w/v) agarbse gel in a running buffer of
TAE (40 mM Tris-acetate, 50 mM EDTA). The DNA was then denatured in
denaturing solution (1.5 M NaCl/0.5 M NaOH) for 1 to 1.5 hours, neutralized
in 0.5 M Tris-HCl (pH 7.5)/ 1.5 M NaCl for 2 to 3 howrs and the DNA was
then transferred to a Hybond N (Amersham) filter in 20 x SSC.



Figure 14 is a diagrammatic representation of the plasm d pCG90. The cDNA
I nsert from pCGP602 was cloned in a sense orientation behind the Mac
pronoter of the expression vector pCG293 as illustrated. -20 - Figure
15 shows a 3',5' -hydroxyl ase assay of petunia petal extracts. The

aucor adi ogr aph shows the presence of |low |levels of 3',5'-hydroxyl ase
activity (conversion of 3H naringenin t_cs 3H pent ahydr oxyf | avanone) in petal
linb tissue (L) of Skr4 x Swe3. Signifi cgntly hi gher |evels of activity
were detected in the linb tissue (L) of two Skr4 x Swe3/ pCGEP90 transgenics
(T/G 1602 and T/ G 1603). No 3',5' -hydroxylase activity was detected in
extracts of ¢ hesdpaicd off ¢HieA pfabef either the non-transgenic Skr4 x Swe3
hybrid or the two pCGP90 transgeni cs. Conversion of naringenin to

pent ahydr oxyhlciActiensgf et {xas Tonen lek ab, 1983) wasi syrubesizer) bp 8CR. usingsue of
aut or ach ogr <pPey PR RaTE Fiof BER ek Pt ROVR BB S huBienBeac,
l'ane cont ai nggmars? @9, Whidh év@PéEnucleotides 6-20 and #10, which was

complementary to nucleotides 711-725 of the published chi-A ¢cDNA sequence

(van Tunen et al, 1988). The resulting PCR product was ligated into the Smal

site of pBluescribe M13" (Stratagene) and sequenced to confirm that the

cloned fragment corresponded to the published sequence.

2p.Labelling of DNA Probes

DNA fragments (50 to 100 ng) were radioactively labelled with 50 pCi of [a
32p}-dCTP using an oligolabelling kit (Bresatec). Unincorporated [a-*P]-dCTP
was removed by chromatography on a Sephadex G-30 (Fine) column. '

DNA Séquence Analysis

DNA sequencing was performed essentially by the method of Sanger et al.
(1977) using the Sequenase enzyme (USB, version 2.1). The complete
sequence of clones pCGP602, pCGP176 and pCGP175 was determined by
compilation of sequence from different M13 -mp18 and -mp19 (Norrander et
al, 1983; Yanisch-Perron, 1985) subclones obtained using standard cloning
procedures (Sambrook et al, 1989). For some regions it was necessary to
synthesize speéific oligonucleotide primers to obtain overlapping sequence

data. The following six primers were synthesized for that purpose:

5 CGTGCCAATGAGCTAGG 3’ primer sequence 1
s! GATGTTGGTTGTACTGAG 3’ primer sequence 2
S’ GGAAACCAGATTTTCTTG 3’ primer sequence 3
S’ TTTTTTTTTTTTTTTTT({AGC) 3 primer sequence 4
5 GTTTTCCCAGTCACGAC 3 primer -40

S. AACAGCTATGACCATG 3’ reverse primer



of total RNA isolated from (1) P. hybrida cv. O3B petals; (2) pansy petals;
(3) potato stens; (4) eggplant skins; (5) N cotiana alata flowers; (6)
Ageratum fl owers. The probe used for A and B was derived froma 660 bp Ball
DNA fragment; a 1.4 kb EcoRI/Hi ndlll fragnent was used for C. Washing
conditions used were: (A) 6 x SSC at 50Gy (B) 2 x SSC at 50C, (C) 0.2 x SSC
at 65C. Figure 17 is a photographic representation of autoradi ographs of
Sout hern bl ots probed with 32P-1abelled Hf I cDNA. Each | ane contai ned
10[err] of DNA digested with EcoRI. The DNA sanples were isolated from (1)
eggpl ant, (2A resttiction miap off BTGP602slowing )the ipoticiba ofisevedra) ofidmgene. Washing
condi ti ons were: “1%@) 6 x SSC at_50C; (B) 2 x SSC at 65C. - 21 - EXAMPLE
1. NATERI AL SCARERRETIOTRS S8R0 nEIBwed,yes and Radi oi sot opes

Homology searches against Genbank, SWISS-PROT and EMBL databases
were performed using the FASTA and TFASTA programs (Pearson and
Lipman, 1988).

Constauction of pCGP293

The expression binary vector pCGP293 was derived from the Ti binary vector
pCGN1559 (McBride and Summerfelt, 1990). Plasmid pCGN1559 was
digested with Kpnl and the overhanging 3’ ends were removed with T4 DNA
polymerase according to standard protocols (Sambrook et a/,1989). The vector
was then further digested with Xbal and the resulting 5’ overhang was
repaired using the Klenow fragment of DNA polymerase [. The vector was
then re-ligated to give pCGP67. A 1.97 kb Bstl fragment containing the Mac
promoter, mas terminator and various cloning sites (Comai et al, 1990) was
isolated from pCGP40 and inserted into the Pstl site of pCGP67 to give
pCGP293. - '

Plasmid pCGP40 was constructed by removing the GUS gene (Jefferson et al,
1987) as a BamHI-Sacl fragment from pCGN7334 and replacing it with the
BamHI-Sac] fragment from pBluescribe M13" that includes the multicloning
site. Plasmid pCGN7334 (obtained from Calgene, Inc. CA, USA), was
constructed by inserting the fragment containing the Mac-GUS-mas gene
fusion into the Xhol site of pCGN7329 (Comai et al, 1990).

Construction of pCGP90 :
Plasmid pCGP90 was constructed by cloning the cDNA insert from pCGP602
in a sense orientation behind the Mac promoter (Comai et al, 1990) of
PCGP293. The BamHI-Kpnl fragment containing the cDNA insert was

. isolated from pCGP602 and ligated with a BamHI/Kpnl digest of pCGP293.



Eri odi ccyol and di hydroquercetin were obtained fromCarl Roth KG and
naringenin was obtained from Sigma. "Dihydronyricetin was chenically

synt hesi zed fromnyricetin (Extra Synthese, France) by the nethod of
Vercruysse et al. (1985). [err]-naringenin (5.7 C/muole) and

[ 3H] - di hydroquercetin (12.4 C/mmole) were obtained from Amersham All
enzymes were obtained fromcommerci al sd8irces and used according to the
manuf.acturer's recomendations. [err] Bacterial Strains The Fscherichia
coli strai nE€arsed ingerdon phehalinsent e OGP Wbwes establisheddyaeseitsioat rai n AGLO

(Lazo et al, 1991) 0 ! fromR Ludw. Depar.t rent of Bi ol ogy,
Uni versity &P‘@%ﬁf\?ﬁﬁa?&@?ﬁf§°a%ﬁ5@ﬁ% r E’i‘%ﬁﬁghﬁg%;%%?%&pm uescri pt and
pBl uescri be were obtained from Strat agene. -22 - Transformation of E.

coli and A. tunefaciens
Construction of the Yeast Expression Vector pYGA22m

M13-mp18 was digested with EcoRI and BgllI to produce a 700 bp fragment

| that contained a multicloning site. This fragment was ligated with the 9 kb
EcoRI-BglII fragment from pYGA2269 (Ashikari et al, 1989). The resulting
construct, designated pYGA22m, contained the multicloning site inserted
downstream of the yeast glyceraldehyde-3-phosphate dehydrogenase promoter
(Fig. 11).

Construction of pCGP618

A 1.8 kb EcoRI-Kpal fragment that included the entire cDNA insert from
pCGP175 was ligated with the 9 kb EcoRI - Kpnl fragment from pYGA22m.
The resulting plasmid, pCGP618, contained the pCGP175 ¢cDNA fragment
ligated in a sense orientation behind the glyceraldehyde-3-phosphate
dehydrogenase promoter (Figure 11).

Construction of pCGP620

A 1.8 kb EcoRI-Kpnl fragment that included the entire cDNA insert from
pCGP176 was ligated with the 9kb EcoRI-Kpnl fragment from pYGA22m (as
described for the construction of pCGP618). The resulting plasmid, pCGP620,
contained the pCGP176 ¢cDNA fragment ligated in a sense orientation behind
the yeast glyceraldehyde-3-phosphate dehydfogenase promoter.

Yeast Transformation

The yeast strain G-1315 (Mat a, irpl) (Ashikari et al, 1989) was transformed
with pCGP618 and pCGP620 according to Ito et al, (1983). The transformants
Wwere selected by their ability to restore G-1315 to tryptophan prototrophy.



Transformation of the E. constrain DH5a cells was performed according to
the nethod of Inoue et-al. (1990). The plasmd pCGP90 (Fig. 14) was
“introduced into the Agrobacteriumtunefaciens strain AGLO by addi ng Spg of
plasm d DNA to 100 [err] of conpetent AGLO cells prepared by inoculating a
50mL" MF L (Garfinkel and Nester, 1980j) 36ulture and growing for 16 hrs with
shaking at 28[err]C. The cells were then pelleted and resuspended in 0.5 nL
of 85% (v/v) 100 mM CaCl 2/ 15% (v/v) glycerol. The DNA- Agrobacteri unmm xture
was frozen by |ncubat|on in liquid N2 for. 2 mnutes and then allowed to
thaw by i ndroparagionAal Yease F‘?“F@‘ﬁéﬁ“ Assayraft¥'sd -Hydeoxpiasg DEEYIEY i al ni x was

then placed o urther 10 mnutes. The cells were then mxed with
1 m of MF&% ﬁetﬁ%/éegpl%ngubat ed with shaking for 16 hours at 28[err]C

Cell's of Ag O%meoﬁ&msw/p@m%mmlsm eezkﬁdnomahs@-éw@ﬁar pl ates
containing 1 entanycin. The presence Q confirmed b

Sout hern armd:@lgllgcwg WOPB%&{C&%IW%M tﬁ%\l’@@mﬁ@@% iofi ng-:s{tl@l% (wiv)
transfor mintegst G EIE DAY Rl drfiRo Rids YD BD) 150 (P15 gHRME ahd 03B! € 2.

(w/v) Casamino acid (Difco)] and incubated with shaking for 2 days at 30°C.
Cells were pelleted by centrifugation and a microsomal fraction was obtained
according to Qeda et al. (1985) except that the spheroplasts were disrupted in
the extraction buffer used for the assay of 3’,5'-hydroxylase activity in plant
tissue. Microsomal 'pellers were suspended in 400 pl of buffer A (10 mM
Tris-HC! (pH 7.5), 0.65 M sorbitol, 0.1 mM DTT, 0.1 mM EDTA) and a 100
uL sample was assayed for 3’,5'-hydroxylase activity.

. b. G-1315/pCGP620
A single isolate of G-1315/pCGP620 was used to inoculate 20 ml of YNBC
which was subsequently incubated for 2 days at 30°C. Cells were collected by
centrifugation, washed once with TE, once with buffer A, and then
resuspended in buffer B (10 mM Tris-HCI (pH7.5), 1.2 M sorbitol, 0.1 mM
DTT, 0.1 mM EDTA) containing zymolyase (0.1 mg/mL) (Seikagakukogyo,
Japan). Following incubation for 1 hour at 30°C the cells were pelleted by
centrifugation and resuspended in 400 ul of buffer A. The cell suspension was
then vortexed with glass beads (diameter = 0.4 mm) for 2 minutes and a 100

! sample was assayed for 3',5'-hydroxylase activity.

Petunia Transformation

a. Plant Material

Petunia hybrida (Skr4 x Sw63 and Rp37 x Rwld) seeds were sterilized in 1.25%
(w/v) sodium hypochlorite for 10 min and rinsed three times in sterile water.
Stenhzed seeds were soaked in 100 mg/L gibberellic acid (GA,) solution for
[} .0 20 hours. They were then germinated for 2 weeks on 10% (w/v) MS
[Mwashlge and Skoog, 1962) medium supplemented with 1% (v/v) sucrose



.23 - TABLE 2 Plant Material Plant vari ety Properties

Source/ Reference O d dory Blue(OGB) [err] Hybrid ' Bal | Seed, USA
V30 Anl, An2, An3, -‘An4, An6 Koes et al. (1986) An8, An9, Anl O
Anl |, Phl Ph2, Ph3, Ph4, PhS, Hfl, H 2, HI, H2, R, MI, M2, nfl, po, &
V23 7 Anl, An2, An3, An4, An6 -37Wallroth et al. (1986) An8, An9,
Anl O, phl, HfI, Doodenman et al. 1984 H 2, hhl, Rt, Po, Bl, FI R51

Anl ,. An2 Angnd aﬁfq (w9, Difco BaciétdgarotYowatg sitledhﬁgs%&)e waiferfed to MO Anll,
van 1unen & edhm GhpioheRti will b, Pty dblose B 3 weeks BRRSETRL S @ (1989
transferred to Jiffy peat pellets (Jiffy Products Ltd, Norway), kept under mist
and illuminated (135 pE. mercury halide light, 22°C) for 2 to 3 weeks. These
young plants were then transferred to a growth cabinet (68 uE. cool white
fluorescent light, 25°C). For co-cultivation, young leaves were harvested and
sterilized in 1.35% (w/v) sodium hypochlorite for 2 min followed by rinsing
three times in sterile water. Leaf tissue was then cut into 25 mm? squares and
precultured on MS media supplemented with 0.05 mg/L kinetin and 1.0 mg/L
2,4-dichlorophenoxyacetic acid (2,4-D) for 24 hours.

b. Co-cultivation of Agrobacterium and Petunia Tissue

Agrobacterium tumefaciens strain AGLO (Lazo ez al, 1991) containing the
binary vector pCGP90 (Fig. 14) was maintained at 4'C on MG/L (Garfinkel
and Nester, 1980) agar plates with 100mg/L gentamycin. A single c;olony was
grown overnight in liquid medium containing 1% (w/v) Bacto-peptone, 0.5%

- (w/v) Bacto-yeast extract and 1% (w/v) NaCl. A final concentration of 5 x 10° .
cells/mL was prepared the next day by dilution in liquid MS medium
containing 3% (w/v) sucrose (BPM). Leaf discs were dipped for 5 minutes
into BPM containing AGLO/pCGP90. The leaf discs were then blotted dry
and placed on co-cultivation media for 4 days. The co-cultivation medium
consisted of SH medium (Schenk and Hildebrandt, 1972) supplemented with
0.05 mg/L kinetin and 1.0 mg/L 2,4-D and included a feeder layer of tobacco

 cell suspension spread over the co-cultivation medium with a filter paper

- placed on top of the tobacco cell suspension.

¢ Recovery of transgenic petunia plants

After co-cultivation, the leaf discs were transferred to the following selection
;:média- Skr4 x Sw63 discs to fresh MS medium supplemented with 3% (w/v)
isuCrose 2 mg/L abenzylaminopurine (BAP), 100 mg/L kanamycin, 350 mg/L
fff‘“mme 0.3% (w/v) Gelrite Gellan Gum (Schweizerhall); Rp57 x Rwl4

discs to the same medium, containing 0.5 mg/L BAP and a-naphthalene acetic



fl,

An2,

Swe3 Anl, An2, An3, an4, AnG6, I.NNR A, Djon, Cedex, An8, An9,
Anl O, Anll, ' France Phl, Ph2, Ph5, hfl, hf2 htl, h, rt, po, nfl,

& Th Anl, An2, An3, An4, Arn6 " " An9, AnlO, Anll, HfI,
Hf 2, HI, H 2, Phl, Ph2, Ph5 R, po, nfl, nf2, &, fl Skr4 Anl ,
An3, An4, An6, " “ Anll, hfl,.hB§2, htl, Phl, Ph2, Ph5, rt, Po,
MI, M2, fl Skr4 x Sw63 Skr4 x Swe3 [err] Hybrid - 24 - TABLE 2

cont i-nued. .

actd @IAAYAR4EAY of 3 HEAPBIAP. CAfter 3 weeks, i‘égené‘iﬂﬁg%/xgﬁfr&r ence

were transferred to fresh medium. Adventitious shoots which survived the
kanamycin selection were isolated and transferred to BPM containing 100
mg/L kanamycin and 350 mg/L cefotaxime for root induction. All cultures
were maintained under a 16 hr photoperiod (60 pE. cool white fluorescent
light) at 23+ 2°C. When roots reached 2-3 cm in length the transgenic petunia
plantlets were transferred to autoclaved Debco 51410/2 potting mix in 8 cm
tubes. After 4 weeks plants were replanted into 15 cm pots using the same
potting mix and maintained at 23°C under a 14 hour photoperiod (300 uE.

mercury halide light).

Tobacco Transformation

a. Plant Material

Nicotiana tabacum (cv. Xanthi) stock plants were maintained on MS medium
supplemented with 1 mg/L indolebutyric acid (IBA) and solidified with 0.25%
(w/v) Gelrite. Leaf tissue was cut into 25 mm? squares and placed onto MS
medium containing 1 mg/L BAP and 0.5 mg/L indoleacetic acid (IAA) for 24

hours.

b. Co-cultivation of Agrobacterium and tobacco tissue

Co-cultivation was carried out as previously described for petunia.

¢. Recovery of transgenic tobacco plants

After co-cultivation, leaf discs were transferred to MS medium supplemented
with 1 mg/L BAP, 0.5 mg/L LAA, 100 mg/L kanamycin and 350 mg/L
cefotaxime (selection medium). Regenerating explants were transferred to
fresh selection medium after 2-3 weeks. Adventitious shoots which survived
the kanamycin selection were isolated and transferred to MS medium
containing 1 mg/L IBA, 100 mg/L kanamycin and 350 mg/L cefotaxime for
root induction. When roots reached 2-3 cm in length the transgenic tobacco

Plantlets were transplanted to soil as described for petunia.



Rw14 Anl, An2, An4, Phl, ph2, Il.N.R A, Djon, Cedex Ph5, hfl,

- hf2, HI, R, Po, France Bl, Lgl, Lul, Vsl, Vs3, Vs5, la, Ygl, ws, GCE
Ml, M2, fl Rp57 Anl, An2, An4, Phl, ph2, Ph5, hfl, hf2, HI, Rt,
Po, M, M, fl, &, Bl, Lgl, Lul, VslI, Vs3, Vs5 Ygl, W. Rp57 x Rwl4

Rp57 X Rwl4 [err]
a 14 hr day length at a light intensity of 10,000 |lux and a tenperature of
Aathdcyamidircanalysis har vest ed at devel opnent al stages defined as

BRc i HRRe (885 tistorEings moleailst Bresent % RefAesticsl o bud
sere s dlaets g A0 ol o L o7

22 to 26C.
foll ows: St
Pi gnent ed,
wth energi
fl ower pre-

Hybrid Plants were gr3wm in specialised growth roons with

ant her déhi stence ge

fl ower wi t hThe hydraxylationdmitestt ed.the B ring of the anthocyanin pigments was

determined by HPLC analysis of the anthocyanidin core molecule. The HPLC
system used in this analysis was a Hewlett-Packard 1050 equipped with a
multiwavelength detector (MWD). Reversed phase chromatographic
separations were pérforrned on a Spherisorb S5 ODS2 cartridge column, 250

mm x 4 mm ID.

a. Extraction of anthocyanins and flavonoids

Flower pigments were extracted from petal segments (ca. 50 mg) with S ml of
methanol containing 1% (v/v) of aqueous 6M hydrochloric acid. Extracts were
diluted with water (1:9) and filtered (Millex HV, 0.45y) prior to injection into
the HPLC system.

b. Hydrolysis of anthocyanins

Crude methanolic extracts (100 pL) obtained in a. above were evaporated to
dryness in Pierce Reacti-Vials using a stream of dry nitrogen at room
ternperatu.re.' The residues were dissolved in 200ul. 2M HCI, vials were

capped and then heated at 100°C for thirty minutes. Hydrolysis mixtures were

- diluted with water (1:9) and filtered (Millex HV, 0.45u) prior to HPLC

analysis.

¢. Chromatography
Separation-'of flower pigments was effected via gradient elution using the
following system:

Solvent A: (triethylamine: conc. H;PO4 : H,0) (3:2.5:1000)

Solvent B: acetonitrile

Gradient Conditions: 5% B to 40% B over 20 minutes

Flow Rate: 1 ml/min

Temperature: 35°C

I'y "opened



Fl oners of the other varieties, as described in Table 2, were harvested
prior to anther dehiscence at the stage of nmaxi num pi gnent accunul ati on.
- 25 - Preparation of Plant Extracts for Assay of 3 ,5-Hydroxylase Activity
Pl ant_tissue was honogenised in a 2 to 5 tinmes volunme of ice-cold :
extraction buffer (100 nmM potassi um phogphate (pH 7.5), 1 nM EDTA, 0.25 M
sucrose, 0.25 Mmannitol, 0.1% (wv) BSA 100 nM Pepstatin, 100 nM

Leupeptin, 0. Detedidn: RYBD with sivdudranesescdicd ichaivivlonodtRsb035mARg pol ycl ar
AT). The honpbgenate was centrifuged at 10,000 rpmin a JA20 rotor (Beckman)

for 10 mn at DAP@FH] C and an aliquot of the supernatant was assayed for
3',5" - hydroxylase activity. 3 .,5 a-Hydroxyl ase Assay 3',5'-Hydroxyl ase
enzyme activity was nmeasured using a nodified version of the nethod

descri bed byhSunathocparidinogdaiewere Ifiiied Bicreferande (CREGWID Bralbisiddl € _
typically contained 100 [err] of plant extract, 5 [err] of 50 mM NADPH in

2. CLONING AND ANALYSIS OF 3',5"-HYDROXYLASE

Characterisation of the 3',5'-Hydroxylase Enzyme

a. Deveiopmental Regulation

Extracts of P. hybrida cv. OGB petals harvested from flowers at the different
stages of development defined above were assayed for 3‘,5'-hydroxylase

activity.

3',5'-Hydroxylase enzyme activity in OGB petals was found to be
developmentally regulated during maturation of the corolla (Figure 2B). This
developmental profile paralleled the expression of other genes involved in
flavonoid biosynthesis. Activity of the 3’,5’-hydroxylase enzyme and
expression of chalcone synthase (CHS), chalcone flavanone isomerase (CHI),
dihydroflavonol reductase (DFR) genes peaked around stages 3 to 4 of flower

development.

b. Induction of 3’,5’-Hydroxylase Activity in Leaf Tissue

Genes of the flavonoid pigment biosynthetic pathway are not normally
expressed in leaf tissue. However, synthesis of delpﬁinidin pigments was
induced in OGB leaves by incubation in a 2% (w/v) glucose solution in high
light. Under these conditions, 3’,5'-hydroxylase enzyme activity can be
detected in OGB leaf tissue. Maximal induction of enzyme activity was shown
to occur after 96 hours of the glucose/high light treatment. Under these
conditions the expression of several other pigment biosynthesis genes was also
induced to levels comparable to those observed in emerging petals. It was
concluded from these results thac the Hfl and/or Hf2 genes are induced in
glucose/high light treated leaf tissue.



~assay buffer (100 nM pot assi um phosphate (pH8.0), | mM EDTA and 20 mM
2-mer captoethanol ), 10 [err] of [err] naringenin or S [err] of [err]

di hydroquercetin and was nade up to a final volunme of 210 [err] with the
assay buffer. Followi ng incubation at 23[err]C for 2-16 hours, the reaction
m xtufe was extracted with 0.5 nL of eth@ylacetate. The ethyl acetate phase
~was dried under vacuum and then resuspended in 10 [err] of ethyl acetate.

The tritiated Eha&@dfwuﬂzmecwqw@sésewngs &5 U CyRIchHme pashi n | ayer
pl ates (Merck Art 5577, Gernmany) using a chl roform acetic acid: water

(20:9:1, v/ \@135,5(9 stem At the conpleti on of t he chromat ogr aphy, the
'TLCpIates e 7% 5d| Io azol in diethyl ether.
The reacti o?%rgﬁggﬁﬁg\%%ﬁﬁ aél ésgegébﬁé" aﬁ?‘sb Eﬁ Bﬁfﬁoﬁ}ﬁﬁe 5&?tﬁ¥‘F| ed by
conpari son fticrteomah fiaoden ane daﬁend&em.pan tBé ippékiesite/ 8f NAIDPKAr agH@RFetin and
di hydronyricetin standards which were run al ongside the reaction S}ﬁoducts
and’ vi sual i gewldpimhipred byFeatment of 25e microsomes with carbon monoxide and
by two inhibitors thac specifically inactivate cytochrome P4350 enzymes:
tetcyclasis and 1-aminobenzotriazine (Taton et al, 1988; Matthews et al, 1985;

Rademacher et al, 198_7).

Construction of a cDNA Library -Enriched for Cytochrome P450 Sequences
Translation of cytochrome P450 mRNAs occurs on membrane-bound
polysomes (Takemori and Kominami, 1989). Therefore, in order to enrich for
cytochrome P450 sequences (including 3’,5'-hydroxylase sequences) a cDNA
library was constructed using membrane-bound polysomal RNA isolated from
OGB petals of stage 3 to 4 flowers. Isolation of the petal RNA from stage 3
to 4 flowers, ensured that 3',5 ‘~hydroxylase sequences were maximally
represented in the library since 3°,5"-hydroxylase activity had been shown to
be maximal at this stage of development (see above and Figure 2B). The
resultant library, designated cDNA library #1, contained 250,000 primary
recombinants. '

PCR Amplification of a Petunia Petal Cytochrome P450 cDNA

A large number of cytochromes P450 have been sequenced, from organisms as
diverse as vertebrates, fungi, insects, bacteria and one plant (Nebert et al,
1991, Bozak et al, 1990). A characteristic of all these enzymes is the existence
of a number of small regions of sequence conservation, especially around the
cysteine residue involved in haem binding. The amino acid sequence
F(G,S)XGXRXCXG is present in the haem-binding domain of nearly all
microsomal cytochromes P450 sequenced to date, where X can be any amino
acid (Figure 3). This consensus sequence was compared with the NBRF
protein database, using the FASTA program (Pearson and Lipman, 1988), to

determine the frequency of occurrence of amino acids around this area for all



G ucose/ Hi gh Light Induction of Del phinidin Synchesis in Leaves Leaves were
harvested fromP. hybrida cv. OB and cut into [err] sections in sterile
wat er. The | eaf sections were then floated on a 2% (w v) gl ucose solution
and exposed to a light intensity of 24,000 |lux for 96 hours. Construction
of cDNA Library #1 Twenty grans of stag@d23 to 4 OGB flower |inbs were
honogeni sed in 100 m. of PEB (200 mM Tris-HO (pH 8.6), 60 MM KCl, 30 mM -

[err] 25 mMdEGRA)micoosoaiabicypchdnePystnsedyknedstiante lqaestage (mm)hmiys@e”
debri's was rem)ved by filtering the honbgenate through sterile Mracloth

(Cal bi ochem)shovRE ‘FP‘?’#&%‘@S QY rdge éﬁdtséﬁu“éﬂceaf%teéﬁh gesiticarArowad 6 ni of
PEB cont ai nltagé%@{gé, Q%&J‘ﬁ% S«f‘as/ 250 units InhibitAce (5-Prine 3-Prine),
W

and 6 nL of cont al ni v) sucrose and 250 units InhibitAce in

Utra-Clear[err] Quick- Seal [ err] RNBBEGAGXNRXCEDGr i f uge t ubes. The tubes

were centrifuged for 3.5 hours at 26,000 rpmin a 70Ti rotor.
Menbr ane- bound pol ysones were col | ected fromthe 25% (w/ v) sucrose 150%

/ : t
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oligo 1, is shown below:
5-GCAAGCTTATICCITT(T/C)GGIGCIGG-3’

The underlined portion is additional sequence which includes a HindIII
recognition site to facilitate directional cloning of PCR products. The
inclusion of deoxyinosine (I) covered the different possibilities for codon usage
where more than two codons could encode the same amino acid. Deoxyinosine
base-pairs with similar efficiency to A, T, G and C (Martin et al, 1985;
Ohtsuka et al, 1985).

Plasmid DNA obtained from cDNA library #1 as described in the Materials
and Methods was used as a template for the amplification of a 360 bp
cytochrome P450 related sequence using oligos 1 and 2 (Figure 3). Oligo 2
corresponded to the -20 primer (Stratagene) plus 2 GCN4 binding site (Lew
and Kemp, 1989) at the 5’ end. The PCR fragment was cloned into
pBluescript and the resulting plasmid was designated pCGP450. The 5’ region
of pCGP450 encoded a polypeptide sequence with significant homology to

previously sequenced cytochrome P450 molecules.

Isolation of Cytochrome P450 Homologues from a Petunia Petal cDNA Library
Plasmid pCGP450 was used to screen cDNA library #1 (60,000 plaques) for
related clones. Two consecutive hybridizations under conditions of high and
low stringency were used to detect both sibling clones of pCGP450 and a
second group of cytochrome P450 cDNAs. A representative cDNA clone of
each of the sibling groups was selected for subsequent analyses. The pCGP450



A Uni - ZAPT" XR vector kit (Stratagene) was used to construct a direct
CDNA library in [err] using 25 [err] of the polysomal RNA as tenplate. The
primary library, which contai ned 250,000 plaque form ng units (pfu),
ampl i f.i ed by overnight growth on NZY plates (Sambrook et al, 1989) and the

anplified phage stock was eluted in PSB {3100 nM Nad ,
(pH 7.5),
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(1989).
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probe were sequenced, allowing two further cytochrome P450 homologues to
be identified: pCGP158 and pCGP160 (Figure 4A).

Isolation of an Additdonal Petal Cytochrome P450 Homologue by PCR
Sequence information from around the putative haem-binding domain of the .
petunia clones pCGP142, pCGP147 and a previously sequenced avocado
cytochrome P450 sequence (O'Keefe and Leto, 1989; Bozak et al, 1990) was
used, as described in the Materials and Methods, to design a second
degenerate oligonucleotide (oligo 3) which covered amino acid sequences
encoded by at least two of the three cytochrome P450 clones. This
oligonucleotide was used to amplify related sequences by PCR using cDNA
library #1 as the template and oligo 4 as the second primer (Fig. 3B).
Reaction products in the size range 250-500 bp were isolated as described in
Materials and Methods and cloned into the ddT-tailed pBluescript vector
described by Holton and Graham (1991). The cloned PCR fragments were
sequenced and shown to encode a fifth cytochrome P450 homologue. One

clone, designated pCGP454, was chosen for further analysis.

Isoladon of Further Cytochrome P450 Homologues from ¢cDNA Library #1

A mixed probe of 2p-abelled DNA fragments that included the coding regions
of the cytochrome P450 homologues pCGP142, pCGP147, pCGP1358 and
pCGP160 and the cDNA insert from pCGP454 (Figures 4B to 4H) was used to
screen 50,000 recombinants from cDNA library #1 for related sequences. A
total of 152 hybridizing clones were detected under low stringency
hybridization and washing conditions. A further 13 different cytochrome P450
homologues were identified by sequence analysis of DNA isolated from the
hybridizing clones. Two closely related sibling groups were distinguished

amongst these clones. The coding regions of each of the two groups showed

was used to 1solate cDNA in th



size range of 1.3 to 2.5kb froma 7.5 [err] sanple that had been

el ectrophoresed through a 1% (w v) agarose gel. The size fractionated cDNA
was ligated with | pg [err] EcoRI/Xhol/ Cl AP treated vector (Stratagene) in
5 [err] reaction buffer consisting of 50 M Tris- HO (pH 7.0), 10 nM[err]
10 MM dithiothreitol, 1 mM ATP and 2 units T4 DNA |igase. The reaction was
performed at 4[err]C for 2 days. After ffeaving at roomtenperature for two

hours, the |jgation reactlo m xture ack ed usi n t he Packagene
system (Pr or?é% °mPILF€YtQTt5&W AUIRb Y therD W&@\: P SeRREs ‘2‘?6"‘56% . An

T ey

i ncubat ed atchd oftearrsfidirgogroepgp€GPAES §Figutee 5B} tware dhosesy for dhrthert swfigrr] C.
Duplicate lifts were taken onto Col ony/ Pl aque Screen[err] filters (Dupont)
and treated as recommended by the manufacturer. Synthesis of

ek SNSRI SOISE oL CRICKES B0 RrBRgben |, Bl o%y= o

ol i gonucl eotNeteiserayandhRELPeahalyseewefe us¥d to distinguish which cytochrome P450
homologues had the molecular characteristics of a cONA encoding a 3°,5'
hydroxylase. There are two genetic loci in P. hybrida, Hfl and Hf2, that control
3’,5"-hydroxylase activity (de Vlaming et al, 1984; Wiering, 1974). Hfl is
expressed in both the limb and the tube of P. hybrida flowers and gives rise to '
much higher levels of 3’,5’-hydroxylase activity than does Hf2 which is only
expressed in the limb. Petunia 3',5-hydroxylase activity is also
developmentally and spatially regulated.  Under normal growth conditions, the
enzyme can only be detected in petal tissues, increasing to maximal levels
around stages 3-4 of flower development and then declining in the fully open
flower (stage S; see Figure 2(B)). Activity can also be induced in leaf tissue
under certain stress conditions such as the glucose/high light treatment
described above. Accordingly, a cDNA clone encoding a 3',5"-hydroxylase
was expected to have an expression profile on RNA blots that paralleled the
enzyme activity prdﬁle. It was also expected that a cDNA clone encoding a P.
hybrida 3',5'-hydroxylase would map to either the Hfl or Hf2 loci. Hfl has
been mapped to chromosome I of the P. hybrida genome and is linked to the
Phl locus (Cornu, 1984; Cornu et al, 1990) while HE2 is closely linked to Bo
on chromosome V (Wallroth ez al, 1986). RFLP analysis of DNA isolated
from a F, population of plants derived from a cross between the inbred lines
V23 (HEL/HE, HF2/HE2) and RS1 (b1 /hfl, hf2/bf2) was used to obtain
linkage data for the various cytochrome P450 homologues. An Hf1/- genotype
was assigned to F, plants that had 3’,5"-hydroxylase activity in the flower tube.
In addition, it was possible to assign an Hf1/Hfl genotype to plants in the F,
population based on linkage to the phl gene which influences the pH of the
petal vacuole (Wiering and de Vlaming, 1984).



digo 1.  GGAAGCTTATICATT(T/C) G GCI GG Aigo 2:
GGATGACTCAGTAAAACGACGGCCAGT -27 - Construction of cDNA Library #2 Tot al
RNA was isolated fromthe petal tissue of P. hybrida cv. OGB stage 3 to 4
flowers using the nethod of Turpen and Giffith (1986). poly(A)+ RNA was
sel ected fromthe total RNA by three cygkes of oligo-dT cellul ose

chromat ography (Aviv and Leder, 1972). Two m crograns of poly(A) RNA were

reverse tra ' ' ; r % 0, Ln rscripferr]
Feact s on bt T 21 Gk (18 LY 86 HER SRRl Wopebe SRR RSN | 600
[err] dTTP, Hpéral kompgsnaretgh bf dﬁfﬂan':@anzg §12. Sin@OPRIG- PdricelBaveBa PRchi2 [err]
Superscript[err] reverﬁg?ft_ranscrl ptase (BRL). The reaction m x was
i ncubat ed athoFrpasRA{ecP 36 infaupessible sy distipguislephi Opt: (R4EIf1} plantspl aced
on i ce. Secapfhinthaiesxeasty, Popllatioh'siPad&fikk knd'BR S86L ASmbfndily St

The linkage between the Hf2 and Po loci was used to distinguish candidate

HE2 clones. The Bg locus has been shown to correspond to the P. hybrida chi-

A gene which encodes the enzyme chalcone flavanone isomerase (van Tunen ez

al, 1991). A cDNA clone of chi-A could therefore be used in the RFLP

analysis to assign a Bo or po genotype to individuals in the F, population.

Since V23 has an Hf2/Hf2, pa/po genotype it was possible to determine

linkage to the Hf2 locus by co-segregation of the V23-like and R51-like RFLP

patterns with the pa and Pq patterns detected by the chi-A probe.

cDNA fragments that corresponded to the 3° untranslated region of the
cytochrome P4350 homologues were used to probe RNA blots and Southern
blots of genomic DNA isolated from individual plants in V23 x RS1 ?2 |
population. By this analysis it was shown that the genes corresponding to
cDNA clones pCGP174 and pCGP175 were expressed in a manner that
paralleled 3’,5'-hydroxylase activity. Furthermore, the gene corresponding to
pCGP174 was shown to be closely linked to the Hfl locus and pCGP175 was
linked to the Hf2 locus,

a. pCGP 174

A 330bp HindIII - Kpnl 3’ fragment from clone pCGP174 (Fig. SA) gave a
pattern of hybridization on both RNA and DNA blots that suggested that thi;
clone corresponded to the Hﬁl locus (Figure 6). The gene was expressed in
both limb and tube tissues and had a developmental profile that paralleled
3’,5'-hydroxylase activity, peaking in Stage 3 petal limbs. No expression was
detected in leaf, but was induced in this tissue by the glucose/high light
treatment. Furthermore, there was no detectable expression of the gene in the

petal tissue of the hfl/bfl mutant lines R51 or Sw63. By contrast, relatively



The second strand reaction m x consisted of 21 mM Tris-HCl, 104 nM KO, 5.3
mM[err] 171 [err] [err] 11.4 mM[err] 214 [err] dATP, 642 pM dCTP, 214 pM
- dGTP, 214pM dTTP, 4 mM DOTT, 10 [err] [err] (3000 G /mwble), 15 units E.
coli DNA ligase, 40 units DNA pol ynerase (Boehringer) and 0.8 units RNAse
H The final m xture was incubated for-480 m nutes at 16[err]C. To nmake the
doubl e- stranded cDNA bl unt -ended, 10 units T4 DNA pol ynerase was added, and

the reacti oRjghoeyels f @xpeeksion fwark Rtectéd TH et BE1 ALf1 UfleervATLand TR7IAACt i ON
was Stopped and the c purified by phenol/chloroformextraction, followed

by chl or of othre ¥XBxaR1 bibEAdFig 9ol precipitation. EcoRl adaptors
(Pronega) were ligated with the cDNA and then kinased using conditions
reconmended by the manufacturer. The enzymes were denatured by heat

(70[err] C, Zh Shurtieashlodsdf pétorPRVDNRS digestellivith Bhaphae d306pHIRelIpFm
extraction and ethanol precipitation. The cDNA was digested with 50 units
Xhol (Boehr Kppéd) fragment feam ipsiORbl4udeseered xo0 RELPS thaisegggaeddi ti ons
recommended; by, 0§ W BE VIS L RIE, BOFUTRNCRAF & Kideb&flonded 0

strongly hybridizing DNA bands while RFLP #2 corresponded to weakly

hybridizing bands (see Fig. 6B). Eleven out of 12 plants that had been

assigned a phl/phl genotype had a V23- like pattern for RFLP #1 and 49 out

of 49 plants that had 3’,5'-hydroxylase activity in the tube had either a V23 -

or VR - like pattern for RFLP #1. In addition, for a total of 32 plants, there

was complete co-segregation of the V23, VR and R51 RFLP patterns for chi-A

(pa) with the corresponding patterns of RFLP #2.

These data provided strong evidence that pCGP174 encoded a 3°,5"
hydroxylase and corresponded to the Hfl locus (RFLP #1) and that the 3’
probe cross-hybridized to the Hf2 locus (RFLP #2).

b. pCGP175

A 320 bp HindIIl/Xhol 3’ fragment from clone pCGP175 (Fig. 5B) gave a
pattern of hybridization on both RNA and DNA blots that suggested that this
clone corresponded to the Hf2 locus (Fig. 7). The Northern analysis showed
that the gene was developmentally regulated in a similar way to pCGP174,
with maximal expression in Stage 3 OGB petal limbs, however no expression
was detected in OGE tube tissue. The gene was also expressed in the petal
tissue of V23 (HE2/Hf2), Th7 (HE2/HR2) and the V23 x R51 hybrid (Fig. 7A).

On Southern blots, the 320bp HindIII/Xhol fragment from pCGP175
hybridized to the same genomic fragments produced by Xbal digestion of V23
and R51 genomic DNA that weakly hybridized to the pCGP174 3’ probe
(RFLP #2). There was complete co-segregation of the V23-, VR- and R351 -
like RFLP patterns detected by the pCGP175 3’ probe and the corresponding



- 29 - digo 3: CAOGHA QCAATIC(G/T)(CT)(CTTICC CCl CC(A G AAI GG _
Adigo 4: GGATGACI CAAACAGCTATGACCATG digo b5: GITCAATTCGGAATGATG A i go
6: GCTGCACTTAATCCATAT Adigo 7: TGCATAGCTTTTGEG A i go 8:
GAGAGAGAGAGAGAGAGAGATCTCGAG digo 9: ATGICTCCTCCAGTG d igo 10:
CTAGACTCCAATCAC Adigos 2 and 4 included a GCN4 bi nding site (indicated by
underlining) which has been shown to fagjlitate the enrichnent of double
s]trar;ded PCR products (Lew and Kenp, 1989). The basis for the design of
oligo 3 was 0l | = Al.no gci f-.seguences fromthe putative haem bi ndin
domai n of aﬁ%ﬁ%&%ﬁﬁ%@h‘gr@nkg%‘g‘ ?%gzak et al, 1998) and the ’

correspondi ng sequences encoded by the two petunia

Yeast expression experiments (see below) subsequently confirmed that
pCGP175 and a sibling of pCGP174 (pCGP176) both encoded a 3°,5"-
hydroxylase. In addition, expression of a full-length version of pCGP174 in an
bfl/hfl, bf2/hf2 Petunia mutant resulted in increased 3’,5'-hydroxylase

activity and production of 3°,5'-hydroxylated anthocyanins above the low basal
levels normally found in the non-transgenic plant. Taken together with the
RFLP results, it was concluded from these data that pCGP174 correspond to
the Hf1 locus and pCGP175 correspond to the Hf2 locus.

Isolation of Full-Length Hfl ¢cDNA Clones and Sequence Analysis

From preliminary sequence analysis it was shown that pCGP174 did not
represent a full-length clone of the corresponding transcript while pCGP175
included a putative initiation codon and was presumed to be a full-length
cDNA. Sequence analysis also showed that pCGP176 was a longer version of
pCGP174 and included an ATG codon 17bp from the 5’ end. However, from
this analysis alone it was not possible to confidently predict whether pCGP176
included the entire coding region of this gene. Accordingly, cDNA library #2
was screened for longer clones of the pCGP174/pCGP176 sibling group.
Approximately 1.5 x 10° recombinants from ¢cDNA library #2 were screened
for clones that hybridized to the 0.33 kb HindIII - Kpnl 3’ fragment from
pCGP174. Two hybridizing clones, designated pCGP601 and pCGP602 were
chosen for further analysis. Both pCGP601 and pCGP602 included
presumptive translation initiation codons, but pCGP602 encoded 2 longer 5’

untranslated region.

A restriction enzyme map of pCGP602, indicating the methodology adopted
for sequencing the clone and the oligonucleotide primer sequences used to

obtain overlapping sequence information, is shown in Figure 8.



cytochrone P450 honol ogues pCGP142 and pCGPl147 were aligned: avocado

P F G A G R R G C P GpCG142
C P G pCG&147

am no_aci d sequence of the haem binding region for the three plant

cyt ochrones P450 coul d thereby be seen _tg be: PF GA(S) GRIK RI(G CP
Possi bl e pernutati ons of nucleoti de sequence that coul d encode
the api no acids found in the haem bi ndi ng domain of the three cytochrone

P450 nol ecul es could then be deduced: 5'-

TGT CCX GGX Ti nficleotide ééquence and deduded affao acié sdquericB HfGAE QfblingC! eot i de

G

30 -

positions where all four nucleotides (AC G and T) can

clones pCGP176 and pCGP602 are shown in Figure 9. Similarly, Figure 10

shows the nucleotide sequence and deduced translation product of pCGP175.

Using an alignment generated by the LFASTA program (Pearson and Lipman,
1988), the amino acid sequences encoded by the petunia 3’,5'-hydroxylase
genes were found to share 94% positional identity. The nucleotide sequences
are 94% identical. Based on the classification scheme for cytochromes P450, -
this sequence similarily would place both genes in the same family/sub-family.
Because the 3°,5"-hydroxylase amino acid sequences share less than 40%
identity with any previously characterised member of the cytochrome P450
superfamily, the corresponding genes belong to a new P450 family separate
from all other P450 genes.

Expression of pCGP175 cDNA in Yeast

The cDNA insert from pCGP175 was ligated in a sense orientation behind the
glyceraldehyde-3-phosphate dehydrogenase promoter in the yeast vector
pYGA22m. The resulting construct, designated pCGP618 (Fig. 11) was
transformed into the yeast strain G-1315 (Ashikari et al, 1989). A single
transformant was grown in 50 mL of YNBC at 30°C for 2 days. A microsomal
fraction prepared from this culture was shown to have 3’,5"-hydroxylase
activity while an equivalent fraction prepared from non-transformed yeast had
no activity (Fig. 12). From this it was concluded that the cDNA insert from
pCGP175 encoded a 3',5'-hydroxylase.

Expression of pCGP176 cDNA in Yeast

The cDNA insert from pCGP176 was ligated in a sense orientation behind the
glyceraldehyde-3-phosphate dehydrogenase promoter in the yeast vector
PYGA22m. The resulting construct, designated pCGP620 was transformed
into the yeast strain G-1315. An extract prepared from the transformed yeast

was shown to have 3',5'-hydroxylase activity while an equivalent fraction

P F G A G K R
P F G S G R R I C P GThe consensus

CCX TTT GGX GCX GGX AGX CGX ATX



be used. digo 3 was designed to conpl enent a subset of the consensus.
sequence derived fromthe three plant cytochrones P450. Deoxyi nosine (1)

" was used predom nantly when base degeneracy was greater than three. The

resul ting ol igonucl eotide sequence was as shown above. PCR Reactions Hel per

phage R408 (Stratagene) was used to excise pBluescript phagenids containing

petuni a cDNA inserts from 200,000 pfu o89the anplified [err] cDNA |ibrary

#1 using net hods descri bed by the manufacturer. Escherichia coliXL1- Bl ue

wer e "t r ansf ge¢palediftdm nbe-tamfpemed yehstt hadenaackiAG0(FAL0L3)olRroirechisikr e pl at ed

out on anpicillin-cqntaini la. Cells were resuspended,ipn LB (Sanbrook

et al, 1989)‘”%1?8“5@3%‘%\%‘[5&&%“% ef a&pﬁ’é@ﬁ“ﬁ desh 2 deS1ysi s procedure

( Sanbr ook eth?l&xloxhégﬁg)- Plasm d DNA was further purified by banding on a
Thi's

CsCl gradient. DNA was used as the tenplate for PCR PCR reactions
for anplification of petal cytochronme P450 honol ogues contained 5 to 100ng

(v v) gol at EAPressionth SnSH RN 0. 4 (1] each priner and 125 units Tag
pol ymerase GOefsrbssibie &€ PR TR CBOVRE PeRj8ral Shyb¥dl 84 x Sw3
The pCGP602 cDNA insert was ligated behind the Mac promoter of the Ti-
binary vector pCGP293. The resulting construct, designated pCGP90 (Fig. 14),
was introduced into the F, Petunia hybrid Skr4 x Sw63 using Agrobacterium:
mediated gene transfer. Leaf discs of Skrd x Sw63 were co-cultivated with
AGLO0/pCGP90 and integration of the pCGP602 cDNA insert in the Skré x
Sw63 genome was confirmed by Southern analysis of plants obtained after

kanamycin selection.

The transgenic plants had sighiﬁ'cantly higher levels of both 35 ’-hydroxylase _
enzyme activity (Fig. 15) and 3’,5"-hydroxylated anthocyanins (Table 3A) than
the non-transgenic Skré4 x Sw63 hybrid. Although Skr4 x Sw63 is homozygous
recessive for both the Hfl and Hf2 genes these mutations do not completely
block enzyme production as low levels of 3’,5'-hydroxylase activity were
detected in Skrd x Sw63 petal extracts (Fig. 15). In addition, low levels (100
pg/gm) of malvidin were detected in acid hydrolysed Skr4 x Swé3 petal
extracts (Table 3A). Inwoduction of the Hfl cDNA significantly increased the
level of 3’,5’-hydroxylase activity in petal limb tissue (Fig. 15) and acid
hydrolysed extracts of petals from the transgenic plants had four times the

level of malvidin detected in the non-transgenic control (Table 3A).

b. Expression in Nicotiana tabacum cultivar Xanthi

Tobacco (N. tabacum cv Xanthi) flowers produce cyanidin as the sole
anthocyanidin. Transformation of tobacco with pCGP90 led to the
accumulation of significant amounts of delphinidin in the flowers, in addition

to cyanidin (shown in Table 3A).



30 tinmes between 94[err]C, 48[ err]C and 72[err]C for 1 mnute at each.
tenperature. The anplified products were gel-purified using Geneclean (Bio
101 Inc.), reanplified to obtain sufficient material for cloning and then
end-repaired using T4 DNA pol ynerase. DNA anplified using oligos 1 and 2
was di gested - 31 - with Hndlll and Xhol prior to cloning inte

pBl uescri pt. The PCR product generated Qé anplification between oligos 3
and 4 was cloned directly into the ddT=®Hi"l ed pBl uescript vector described
by Holton and Graham (1991). Screening of cDNA Libraries Duplicate plaque
lifts were hybridi sed and washed as fIOBLEA H gh stringency conditions
(hybridi zation: 50% (v/v) forman‘i\c;l\f 6 X ESSF .1% (W v) SDS at 42[err]C for
16 hrs and washing: 2 x SSC, 1% ( W“ ysﬁS[err]C for 2 x 15 mnutes

- followed by 0.2 x SSC, 1% (wv) SDS at 65[err]C for 2 x 15 m nutes) were

used to detéCt sSIbling clones and ow Stringency condrtrons—(hybrrdrsati on:

20% (v/v) forman dednBogyaggiin lavely founyl isESidabydtalysed p&af extradis hrs and
washi ng:

Plant Malvidin Cyanidin Delphinidin
(ug/gm petal) (ug/gm petal) (pg/gm petal)

Petunia
Skr4 x Sw63 100 nd? nd
Skrd4 x Sw63/pCGP90Q 410 nd nd
Tobacco
non-co-cultivated - nd 272 . nd
control

Transgenic tobacco nd 229 36

! not detected

c. Expression in the hfl/hfl, hf2/bf2 P. hybrida F, hybrid Rp57 x Rwl4

The petunia line Rp57 x Rwl4 was transformed using pCGP90 and a
procedure similar to that used for Skr4 x Sw63. Transgenic flowers produced
considerable amounts of petunidin and malvidin which were not detectable in
the non-transformed plants (Table 3B). Petunidin and malvidin are both

methylated derivatives of delphinidin.



6 x SSC, 1% (wv) SDS at 65[err]C for 1 hour) were used to detect related
sequences. Northern Analysis Total RNA was isolated fromtissue that had
been frozen in liquid N2 and ground to a fine powder using a nortar and
pestle. An extraction buffer - of 4 M guanidiumisothiocyanate, 50 nM
Tris-*HO (pH 8.0), 20 nmM EDTA, 0.1% (v/-\wW; Sarkosyl, was added to the tissue
and the m xture was honogeni zed for 1 mnute using a polytron at nmaxi num
speed. The suspension was filtered through Mracloth (Cal bi ochem) and
centrifuged in a JA20 rotor for 10 minutes at 10, 000 rpm The supernat ant
was col lected and nmade to 0.2 g/ nL GSXBLEWB/). Sanples were then |ayered
over a 10 nL cushion of A in 38.5 nL

Qui ck-seal centrifuge tu @?“Pég%%bﬁ Q#?%dggfp ﬂﬁbﬁﬁﬁ£@442 000 rpm for
12-16 hours at 23[err]Cin a Ti-70 rotor. Pellets were resuspended in
TE/SDS (10 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.1% (w v) SDS) and extracted
wth phenol:chlorofornlisoanyl al cohol (25:24:1) saturated in 10 nM EDTA

(pH 7.5). Foll ol 00 S4hanR %cnsoeotu%augr;cwﬁymgms ShE eoUSpended
Plant Cyanidin  Peonidin Petunidin  Malvidin
(%) (%) (%) (%)
Petunia
Rp57«Rwl4 50 . 95.0 0 0
Rp57xRw14/pCGP90 0 452 7.8 47.0

The expression of the introduced Hfl cDNA in the Skrd x Sw63 hybrid had a
marked effect on flower colour. The carpel and stamen tissue of the non-
transgenic flowers are white whereas these same tissues in the transgenic
plants were a blue/purple colour. In addition, expression of the Hfl ¢cDNA in
the Skr4 x Sw63 hybrid conferred a deep pink/violet hue to the corolla which
is normally very pale pink. In the case of tobacco, the production of
delphinidin derivatives led to a minor blueing of senescing flowers. Expression
of the Hfl cDNA in the Rp57 x Rw14 hybrid again had a marked effect on
flower colour. Non-transgenic Rp57 x Rwl4 flowers are pink, with peonidin
being the major anthocyanidin present (see Table 3B). Transformation with

Hf1l cDNA led to a marked blueing of flower colour.

The colour changes observed may also be described in terms of numbers from
the Royal Horticultural Society’s Colour Chart. In general, the changes can

be described as moving the colour from the pale-to-mid pink hues of 60C/D -
65C/D, to the darker bluer/purpler hues represented by many, but not all, of



‘32 - RNA sanples were el ectrophoresed through 2.2 M fornmal dehyde/ 1. 2% (w v)
agarose gels using running buffer containing 40 mM. '

nmor phol i nopr opanesul phonic acid (pH 7.0), 5 nM sodium acetate, 0.1 mM EDTA"
(pH 8.0). The RNA was transferred to Hybond-N filters (Amershan) as

descri bed by the manufacturer and probed with 32P-1abell ed cDNA fragnent
[err] cpm[err], 2 x 106 cpm nL). PrehyRpi.dization (1 hr at 42[err]C) and
hybric__jdi zation (16 hr at 42[err]C) was carried out in 50% (v/v) formam de, 1
M NaCl, 1% 2 . . n sperm DNA
(100 piy/ ) “BeEIoHGagq e petheth AERIA RS, PR o TR ARS8 Kot B, U on
step. Fil t epessibleecol@sheitanges Rhich 386/ bd %chievay, sBB% oft theSdotaurk Gbkeved t0 2

hours and then, O SCL 1% .(w v), SDS at_65[err]C for 0.5 to 1 hour.

Filters weré? é%éé@‘ﬁx%gkd&ﬁwg%ﬂ@dr ?‘F aF%”ctﬁdaﬁPH’ RIERAEYy A §2¥BBeen at

- 700 err] C T Qpaftged REASESERCkMr ARMMRGY 18 70BSHA 7B Pho RS HRNS,
Likewise, several in the Rp57 x Rw14 hybrid might be described as moving
from 64C to 72B to 77B and to 82B. It should be remembered that other

biochemical and physiological conditions will affect the individual outcome and
the citing of specific colours achieved should not be interpreted as defining the

possible range.

Detection of Putative 3°,5°-hydroxylase Gene Sequences in Other Plant Species
The presence of 3’,4',5"-hydroxylated flavonoids is correlated with the
presence of 3',5'-hydroxylase activity and therefore the 3',5'-hydroxylase

gene. [t would be expected that these genes from other species would
hybridize with the petunia 3’,5’-hydroxylase gene under conditions of low
stringency. RNA (Figure 16) and/or DNA (Figure 17) was isolated from a
number of delphinidin-prodﬁcing plants, probed with *P-labelled Hfl cDNA
and washed under different conditions of stringency. Hybridizing bands were
detected in every example. Therefore, the isolation of 3°,5'-hydroxylase genes
from other delphinidin-producing plants should be possible using a petunia

3’,5'-hydroxylase gene as a prabe.

Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically
described. It is to be understood that the invention includes all such variations
and modifications. The invention also includes all of the steps, features,
compositions and compounds referred to or indicated in this specification, -
individually or collectively, and any and all combinations of any two or more of

said steps or features.



“DNA was isolated fromleaf tissue essentially as. described by Dell aporta et
al, (1983). The DNA preparations were further purified by CsC buoyant
density centrifugation (Sanbrook et al, 1989). b. Southern blots The
genom ¢ DNA (10 pg) was digested for 16 h(%grs with 60 units of Xbal and

el ectrophoresed through a 0.7% (W v) agar®se gel in a running buffer of TAE
(40 MM Tris-acetate, 50 mM EDTA). The DNA was then denatured in denaturing
solutjon (1.5 MNaCl /0.5 MNaOH) for 1 to 1.5 hours, neutralized in 0.5 M

Tris-HO (pH % RQckgNaCl for 2 to 3 hours and the DNA was then
transferred toRgrEy%ong N (Amrersham) filter in 20 x SSC - 33 - c.

| sol ation of chi-A probe A cDNA clone of chi-A (van Tunen et al., 1988) was
synt hesi zed by PCR_usj ng c tenp| ate de from OGB stage 3 petal RNA and
two ol i gonucl eﬁqwé-,ﬁi?ﬁgﬁﬁﬁw}ﬂwpm gﬁerp Broshemisey M%Wf%@zaWS#lo,_

whi ch was :

Asen, S., Griesbach, RJ., Norris, K.H. and Leonhardt, B.A. Phytochemistry 25:
2509-2513, 1986.

Ashikari, T., Kiuchi-Goto, N., Tanaka, Y., Shibano, Y., Amachi, T., and
Yoshizumi, H. Appl. Microbiol. Biotechnol. 30: 515-520, 1989.

Aviv, H. and Leder, P., Proc. Nadl. Acad. Sci. USA 69: 1408-1412, 1972.
Beale, G.H. Joumnal of Genetics 40(3): 337-358, 1940,

Bethesda Research Laboratories. BRL pUC host: E. coli DHSa™ competent
cells. Bethesda Res. Lab. Focus. 8(2): 9, 1986.

Bozak, K.R., Yu, H,, Sirevag, R. and Christoffersen, R.E., Proc. Nad. Acad. Sci.
USA 87. 3904-3908, 1990.

Bullock, W. O., Fernandez, J.M. and Short, J.M. Biotechniques 5: 376, 1987.

- Comai, L., Moran, P. and Maslyar, D., Plant Molecular Biology 15: 373-381,
1990.

Cornu, A., Genetics. In: Petunia. Sink, K.C. (Ed). Springer-Verlag, Berlin,
Germany pp 35-47, 1984.

Cornu, A., Farcy, E., Maizonnier, D., Haring, M., Veerman, W. and Gerats,
A.G.M. In Genetic maps - Locus maps of complex genomes Sth edition,
Stephen J. O'Brien (Ed), Cold Spring Harbor Laboratory Press, USA, 1990.



conpl ementary to nucl eotides 711-725 of. the publ.ished chi-A cDNA sequence
(van Tunen et al, 1988). The resulting PCR product was ligated into the
Smal site.of pBluescribe M3 (Stratagene) and sequenced to confirmthat the
cl oned fragment corresponded to the published sequence. 32P-Labelling of
DNA Probes DNA fragnments (50 to 100 ng) were radioactively |abelled with 50
[err] of [a- [err]-dCTP using an oligolabéfring.kit (Bresatec).

Uni ncor por ated [ a-32P] - s, remyed chromgt oqr.aphy qn ephadex

G 50 (Fi ne) c&%?"él\ﬁ:qggﬁﬁé&cleaﬂ ik EéDﬁK@érﬁﬂlg%ngeHrgé lg'eﬁi &9%dkd
essentially by the nethod of Sanger et al. (1977) using the Sequenase
enzyne (USB, version 2.1). The conpl ete sequence of clones pCGP602, pCGP176
and pCGP175 wde Wedming, RedGdratse suGiMatWeeringf Hs eqdeWijsmanpHLIW, f RizenifoMl 3
-npl 8 and -nmpl 9 (Norr er. e 1983; Yani sch-Perron, 1985) subcl ones

obt ai ned usi n@@éﬁ?ﬂa%@ﬂé%ﬁ%n@%ocedur es (Sanbrook et al, 1989). For sone
regions it was necessary to synthesize specific oligonucleotide prinmers to
obtai n overl appi ng sequence data. The followi ng six primers were _

synt hesi zed f @oddeatanp W.pGeratspA.G. M., SCEFREGAVA GASCTIANME, P. and BiancH, F.

AT 1
PrIITEE S CAUCNCs cor. Appl. Gener. 67: 357-366, 1984.

Ebel, J. and Hahlbrock, K., In The Flavonoids: Advances in Research Since
1980. Harborne, J.B. (Ed.), Academic Press, New York, USA, 641-679, 1988.

Forkmann, G. Plant Breeding 106: 1-26, 1991.
Forkmann, G. and Stotz, G. Z. Natwrforsch 36¢: 411-416, 1981.
Garfinkel, D.J. and Nester, E.W. J. Bacteriol. 144:732-743, 1980.

Hagmann, M., Heller, W. and Grisebach, H. Ew-. J. Biochem. 134: 547-554,.'
1983.

Hahlbrock, K. and Grisebach, H. Annu. Rev. Plant Physiol. 30: 105-130, 1979.
Hanahan, D. J. Mol. Biol. 166: 557, 1983.

Harborne, J.B. and Simmonds, N.W. Annu. Rep. John Innes Inst. 53: 29-30,
1962.

Heller, W. and Forkmann, G. In: The Flavonoids, Advances in Research Since
1980. Harborne, J.B. (Ed.), Academic Press, New York, 1988.

Holton, T.A. and Graham, M.W. Nucleic Acids Research 19: 1156, 1991.



5  GATGTTGGTTGTACTGAG 3'  priner sequence 2 5'

GCGAAACCAGATTTTCTTG 3 primer sequence 3 5
[TTTTTTTTTTTTTTTT( AGC) 3 pri mer sequence 4 5' GITTTCCCAGICACGAC
3 prinmer -40 5. AACAGCTATGACCATG - 3 reverse primner

- 34"~ Arestriction map of pCE602 showi ng the position of several of
t hese sequences may be seen in Figure 8. Honol ogy searches agai nst Genbank,

SW SS- PROT and EMBL dat abases were perfornm®¥d-using the FASTA and TFASTA

progfans (Pearson ag_g Li pman, 1988). Construction of pCGP293 The expression

bi nary vect or

. NalimaeH. wad Qkayaman&l. TGens 96a23-28¢ 4990, pCOGNL559

(McBride and Summerfelt, 1990). Plasm d pCGN1559 was di gested with Kpnl
t he overhanging 3' ends were renoved with T4 DNA

Ito, H., Fukuda, Y., Murata, K. and Kimura, A. J. Bacteriol., 153 163-168,
1983.

Jefferson, R.A., Kavanagh, T.A. and Bevan, M.W. EMBO J. 6(13): 3901-3907,
1987.

Koes, R.E., Spelt, C.E,, Reif, H.]J., van den Elzen, P.J.M,, Veltkamp, E. and
Mol, J.N.M. Nucl. Acids Res. 14(13). 5229-5239, 1986.

Larson, R.L. and Bussard, J.B. Plant Physiol. 80: 483-486, 1986.

Lazo, G.R,, Pascal, AS. and Ludwig, R.A. Bio/technology 9: 963-967, 1991.

Lew, AM. and Kemp, D.J. Nucl. Acids Res. 17(14) 5859-5860, 1989.

McBride, K.E. and Summerfelt, K.R. Plant Molecular Biology 14: 269-276 1990.

Martin, F.M., Castro, N.M., Aboula-ela, F., Tinoco, [. Nucl. Acids Res. 13:
8927-8938, 198s.

Matthews, J.M., Dostal, L.A. and Bend, J.R. J. Pharmacology and Experimental
Therapeutics 235(1) 186-190, 1985.

Merrifield, J. Am. Chem. Soc. 85: 2149, 1964.

Murashige, T. and Skoog, F. Physiol. Plant 15: 73-97, 1962.

and



pol ymerase according to standard protocols (Sanbrook et al,1989). The
vector was then further digested with Xbal and the resulting 5 overhang
was repaired using the Kl enow fragment of DNA pol ynerase |. The vector was
then re-ligated to give pCGP67. A 1.97 kb Pstl fragnment containing the Mac
prondter, mas termnator and various clonfd§-sites (Comai et al, 1990) was
I sol ated from pCGP40 and inserted into the Estl site of pCGP67 to give
pCGP293. Pl asm d pCGP40 was constructed by renoving the GQUS gene (Jefferson

et al, 1987) a S r from.p 33 replacing it with
t he BanH - Sacl %%e?’gglar’relﬁr_i'?v'f ?‘%&%OFSBI tes ?HOBERHB gf O‘?‘}%g?gvd’eggxeﬁ%‘s‘?glé-i cl oni ng
site. Plasnid FoiiNKesWamablYai Gonzdlen . CaGueAgaridh) &.P. Bunddhif) 1.C"8hnson,

constructed byg’g(s rti ngjéhg fragnment contai ni ng the Mac- QUS-mas gene
fusi on i nto t h&-XnoPPSTtlelopa 7 Yagermoanayl. Rt manoDQ)) .DNdnwtd Geffi on of

pCGP90 Pl asm d 32%9 tructed by cloning the cDNA insert from
pCEP602 in a sense oﬁ.gﬁ?‘%ﬁ?gﬁ behi nd the Mac pronoter (Comai et al, 1990)

of PCGP293. The B-anHl - Kpnl fragnent containing the cDNA insert was
i sol ated from pCGP602 and |igated with a BanmHl /Kpnl di gest of pCGP293.
orrander, J., Kemp, T. and Messing, J. Gene 26: 101, 1983.

Oeda, K,, Sakaki, T., and Ohkawa, H. DNA 4: 203-210, 1985.
O’Keefe, D.P. and Leto, K.J. Plant Physiol. 89: 1141-1149, 1989.

Ohtsuka, E., Matsuki, S., Ikehara, M., Takahashi, Y. and Matsubara, K. J. Biol.
Chem. 260(5). 2605-2608, 1985.

Pearson, W.R. and Lipman, D.J. Proc. Nail. Acad. Sci. USA 85: 2444-2448,
1988.

Rademacher, W, Fritsch, H., Graebe, J.E., Sauter, H. and Jung, J. Pesticide
Science 21: 241-252, 1987.

Sambrook, J., Fritsch, E.F. and Maniatis, T. Molecular Cloning: A Laboratory
Manual (2nd edition). Cold Spring Harbor Laboratory Press, USA, 1989.

Sanger, F., Nicklen, S. and Coulson, A. Proc. Nad. Acad. Sci. USA 74: 5463-
5467, 1977.

Schenk, R.U. and Hilderbrandt, A.C. Can. J. Bot. 50: 199-204, 1972.
Schram, A.W., Jonsson. *..M.V. and Bennink, G.J.H. Biochemistry of flavonoid

synthesis in Petunia hybrida. In: Petunia Sink, K.C. (ed.) Springer-Verlag,
Berlin, Germany pp 68-75, 1984.



35 - Correct insertion of the insert in pCG90 was established by
restriction analysis of DNA isolated fromgentarnycin resistant '
~transformants. Construction of the Yeast Expression Vector pYGA22m ML3-npl8
‘was digested with EcoRI and Bglll to produce a 700 bp fragnment that
contained a nulticloning site. This fragnent was ligated with the 9 kb
EcoRI-Bgl I'l fragment from pYGA2269 (Ashikagyi et al, 1989). The resulting
construct, designated pYGA22m contained the nulticloning site inserted

downst r eam of e g " w3 Pl erfde S not er
(Fig. 11). CoSTRrer FEA. f“g@@%‘i‘%‘*’%ﬂ’i‘."? EE“%?%%%%F"’??%%%F‘P fiag

i ncl uded the apSAsyE39DNA i nsert from pCGP175 was |ligated with the 9 kb
EcoRl - Kpnl fragment from pYGA22m The resulting plasm d, pCGP618,
cont ai ned the pCGP175 cDNA fragnment ligated in a sense orientation behind

the glyceral defiydec3-RE ERRAGLRN, G. Z. Natwforsch 37c 19-23, 1982.

Swotz, G., de Vlaming, P., Wiering, H. and Forkmann, G. Theor. Apppl. Genet.
70: 300, 198S.

Takeda, K., Kubota, R. and Yagioka, C. Phytochemistry 24: 1207, 1985.

Takemori, S. and Kominami, S. Cytochrome P450. Tokyo University Press,
Japan, 1989.

Taton, M., Ullman, P., Beneveniste, P. and Rahier, A. Pesticide Biochemistry
and Physiology 30: 178-189, 1988.

Turpen, T.H. and Griffith, O.M. BioTechniques 4: 11-15, 1986.

van Tunen, AJ., Gerats, A.G.M. and Mol, J.N.M. Plant Mol. Biol. Rep. 8: 50-
59, 1990.

van Tunen, A.J., Koes, R.E., Spelt, C.E. van der Krol, A.R., Stuitje, A.R. and
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von Wettstein-Knowles, P. Hereditas 60: 317-346, 1968.

Vercruysse, S.A.R., Delcour, J.A. and Dondeyne, P. J. Chromatography 324:
495-497, 1985.



dehydr ogenase pronoter (Figure 11). Construction of pCG620 A 1.8 kb

_EcoRI -Kpnl fragnment that included the entire cDNA insert from pCGPl76 was
‘ligated with the 9kb EcoRI-Kpnl fragnent from pYGA22m (as described for the
construction of pCGP618). The resulting plasm d, pCGP620, contained the
pCGPL76 cDNA fragnment ligated in a sense orientation behind the yeast

gl ycer ai dehyde- 3- phosphat e dehydrogenase pronoter. Yeast Transformation The
yeast strain G 1315 (Mat a, trpl) (Ashikarsg-et al, 1989) was transforned

Wi th pCGP618 and pCGP620 according to Ito et al, (1983). .The transfornmants
vere sel ect ed Qyjifdig] §1.20ktU, YA M. ERbSES, $CL3RA1d 0 RLTY Bid PioRechp ROBOt 1 ophy .
- 36 - preparation of Yeast Extracts for Assay of 3,5 - Hydr oxyl ase _
Activity a. GWaLSFeoGH®B®es 282 Myls 986! ates of G 1315/ pCGP618 and a G 1315
revertant that grew on _

Wiering, H. and De Vlaming, P. Inheritance and Biochemistry of Pigments.
In: Perunia Sink, K.C. (Ed.), Springer-Verlag, Berlin, Germany pp 49-65,
1984.

Wiering, H. Genen Phaenen 17(1-2) 117-134, 1974

Yanisch-Perron, C., Vieira, J. and Messing, J. Gene 33: 103, 1983.



medi a | acki ng tryptophan were used to inoculate .50 nL of YNBC (1.2% (W V)
yeast nitrogen base w thout_am-no-acitds (Difco), 2% (wv) glucose and 0. 3%

(wv) Casamino acid (Difco)l.: Wnaubated with shaking for 2 days at
30[err]C. Cells vvere‘ mu m uiuﬂrrl fugation and a m crosomal fraction
was Obt ai ned accor di O . (1985) except ; ast s

were disrupted in the extraction buffer used for th "aH@a%*féﬁTHASBE
3',5' -hydroxyl ase activity in plant tissue. M crosonal pe EBLACER, o
suspended in 400 [err] of buffer A (10 mM Tris-Hd T, U.065
sorbitol, 0.1 ?gleﬂg 0.1 nmM EDTA) and a 100 pL sanple was assayed for

3', 5" -hydroxyl %’i vity. b. G 1315/ pCEP620 A single isolate of

G 1315/ pCGP620 was used to inoculate 20 ml of YNBC which was subsequently

i ncubated for 2 days at 30C.. Cells were collected hy centrifugatjon, washed
once with TE, &ncd nuciaic eifiaalate Comprisinga SeQuansp i quiglsondss FRERGIRE, (0 v

Tris-HA (pH7. bj . » 4 | nin
zynol yase (0. 1%@}3 ?ﬁr%e [ °aég§%}’i?88'§/%f‘ég¥é‘%% dlﬂﬁ%ﬁ({%\nﬁﬁg&%%?ﬁ on 19 or 1
hour at 30C t hgyemixilatingeazyme bederlvixjvecemnpart thegadf.on and resuspended in

400 [err] of buffer A The cell suspension was then vortexed with gl ass
beads (dianeter = 0.4 nm for 2 mnutes and a 100

2. The nucleic acid isolate according to claim 1 wherein said nucleic acid is
DNA or ¢cDNA.

D

3. The nucleic acid isolate according to claim 1 or 2 wherein the enzyme is a
3’,5'-hydroxylase.

4. The nucleic acid isolate according to claim 3 wherein the enzyme is of
petunia, verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen, potato,

pansy or eggplant origin.

5. The nucleic acid isolate according to claim 4 wherein the enzyme is of

petunia origin.

6. The nucleic acid isolate according to claim 5 having a nucleotide sequence
comprising substantially all or part of the nucleotide sequence set forth in

Figure 9 or 10 or having at least 40% similaricy thereto.

7. The nucleic acid isolate according to claim 1, 4, 5 or 6 when present in a

transgenic plant.

8. The nucleic acid isolate according to claim 7 wherein the transgenic
plant is a rose, petunia, chrysanthemum, carnation, gerbera, geranium or

alstroemeria.

— e — e — .
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[err] sanple was assayed for 3',5--hydroxylase activity. Petunia

Transformati on a. Pl
Rwl4) seeds were ste
and rinsed three tines I

Young seedlings were transferred to M5 nmedi um suppl e[mant eREFLACER 6 (W

sucrose for 3 weeks before being transferred to “Jiff
Products Ltd.
hal i de |i ght,
transferred ta rasgoopetuniabi net (68 [err] cool white fluorescent li ght,

25[err]C). For co-cultivation, young | eaves were harvested and

S@EE‘FHAQEBHE@J &

' nia hybrida (Skr4 x Swe3 and Rp57 x

ﬂ“l"&ﬁﬂﬁ !‘mlg (w'v) sodium hypochlorite for 10 mn

er. Sterilized seeds were soaked in

100 ng/L gi bberellic acid (GA3) solution for 16 20 hours. They were then
germ nated for 2 weeks on 10% (W v) MS Mirashi ge anc a¥e 9

supplemented with 1% (v/v) sucrose -3760 and 0. 8%'

SNCFP et KaRa WBESE 50l shand B bumnated (13 Lerr) o cury

10.  The nucleic acid isolate according to claim 1, 4, 5 or 6 contained in a
vector molecule capable of transferring said nucleic acid isolate into a plant

cell or tissue.

11.  The nucleic acid isolate according to claim 10 wherein the transfer

~ requires co-cultivation with an Agrobacterium.

12.  The nucleic acid isolate according to claim 10 or 11 wherein the vector

and nucleic acid isolate is pCGP90, shown in Figure 11.

13. A recombinant dihydrokaempferol (DHK) hydroxylating enzyme or
derivative or part thereof. .

14.  The recombinant enzyme according to claim 13 wherein said enzyme is

a 3',5'-hydroxylase.

15.  The recombinant enzyme according to claim 13 or 14 wherein said
enzyme is of petunia, verbena, delphinium, grape, iris, freesia, hydrangea,

cyclamen, potato, pansy or eggplant origin.

16.  The recombinant enzyme according to claim 15 wherein the enzyme is

of petunia origin.

-17.  The recombinant enzyme according to claim 16 having an amino acid

sequence comprising substantially all or part of the amino acid sequence set

forth in Figure 9 or 10 or having at least 40% homology thereto.
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sterilized in 1.35% (w.v) sodium hypochlorite for 2 mn followed by rinsing
three tines in sterifl j.wﬁl,er. Leaf tissue was then cut into 25 nm2 squares

and precul tured on M5 ﬂu m !mm ued with 0.05 ng/L kinetin and 1.0
A, 1l 4-D) for 24 hours. b. Co-cultivation

mg/ L 2, 4-di chl or ophen

of Adrobacterium and Petunia Tissue Agrobacigeriumtu ciens strain AGLO
(Lazo et al, 1991) containing the binary vector pCGP9 g =
mai ntai ned at 4[err]C on MJ L (Garfinkel and Nester, RE F HABdcesl Wi t h
| OOmg/ L gentanycin. A single colony was grown overnig ' EEDnedi u ]
contai ning 1% (wWlv) Berg tecpmpirame endyrddaaurdingRactaimy eRslS, €8 lor AGTwiel 170
(wv) Nad . A'fi r}g%) (E%E%e[n rati.onlof 5 x [err] cells/n was prepared the
next day by di | (PO iR Y F%lﬁg'ifnﬁltg edi um contai ni ng 3% (W v) sucrose (BPM.
Leaf discs were dipped for 5 m-nutes into BPM containing AGLQ pCGP90. The

| eaf discs were then blotted dry and placed on co-cultivation nedia for 4
days. The co- cull vatThenrecemtbinant engins¢ ectondingio rebdinui8 wheh €K tRsbenic

Hi | debrandt, 197 suppl emrented wi,th 0.05 ng/L kinetin and 1.0 ng/L 2,4-D
and i ncluded a fpié’b‘elrc‘ aﬂé’ﬁ%ﬁ%‘f“‘%ﬁ&’éﬁ@&ﬁ@tﬁs%ﬁmn engeesad over the
co-cultivation nediumw th a filter paper placed on top of the tobacco cell
suspensi on.

20.  The recombinant enzyme according to claim 19 or 20 wherein the

transgenic plant is a rose or petunia.

21. A method for producing a transgenic plant capable of expressing a
recombinant dihydrokaempferol (DHK) hydroxylating enzyme or which directs
transcription of a nucleic acid sequence which is substantially complementary
to all or a part of a mRNA molecule translatable to DHK hydroxylating
enzyme, said method comprising introducing into a cell of a suitable plant the
nucleic acid isolate according to claim 1 or 6 under conditions permitting the
eventual expression of said nucleic acid isolate, regenerating a transgenic plant
from the cell and growing said transgenic plant for a time and under

conditions sufficient to permit the expression of the nucleic acid isolate.

22.  The method according to claim 21 when the recombinant enzyme is
3’,5'-hydroxylase.

23.  The method according to claim 21 or 22 wherein the expression of

nucleic acid isolate is developmentally regulated.

24.  The method according to claim 23 wherein the recombinant enzyme is
of petunia, verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen,

potato, pansy or eggplant origin.

25.  The method according to claim 26 wherein the recombinant enzyme is

of petunia origin. -
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c. Recovery of transgenic petunia plants After co-cultivation, the |eaf

di scs were transferred to vm ng selection nedia: Skr4 x Swe3 discs
to fresh I\/Brredlu mjuﬂglh?)%(w/v) sucrose, 2 ng/L

a- benzyl am nopurr kanamycin, 350 ng/L cefotaxinme, 0.3%
(Wv) Gelrite Gellan Gum(Schwer zerhall); Rp57 x Rwl4 discs to the sanme

medi um containing 0.5 ng/L BAP and c-napgg hal ene aceffi ¢,
(NAA) instead of 2 ng/L BAP. After 3 weeks, regenerat ng

- ———— o a

transferred tfsfreﬂieﬁmhmcc‘b@m@tcbtdrﬂﬂﬁz§%%}é ey LT LT o)
kanamyci n sel ection were isol ated and transferreg to BPM conf al ni g~ Toe
mg/ L kanamyci emam B850 ny¢leondd or amiine atidrseqoedcei subswaniially af\ksét hudht lﬁl’ es

wer e na|nta|n 6 hr O.err] cool white fluorescent
light) at 23 g er”‘g‘a‘bd?écf“éq ‘é’ FHF®Pengt h the transgenic
petuni a pl antlets ver e transferred to autocl aved Debco 51410/2 potting m x

in 8 cmtubes. After 4 weeks plants were replanted into 15 cm pots using
t he sanme 27. The method according to claim 21, 24, 25 or 26 wherein the transgenic

plant is a rose, petunia, chrysanthemum, carnation, gerbera or tabacco.

28.  The method according to claim 27 wherein the transgenic plant is a rose

or petunia.

29. A rwansgenic plant carrying a stably introduced nucleic acid molecule
comprising a nucleotide sequence encoding or complementary to a sequence

encoding, a dihydrokaempferol (DHK) hydroxylating enzyme.

30.  The transgenic plant according to claim 29 wherein the enzyme is a
3’,5’-hydroxylase.

31.  The transgenic plant according to claim 30 wherein the enzyme is of
petunia, verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen, potato,

pansy or eggplant origin.

32.  The transgenic plant according to claim 31 wherein the enzyme is of

petunia origin.

33.  The transgenic plant according to claim 32 wherein the enzyme has an
amino acid sequence substantially as set forth in Figure 9 or 10 having at least

40% similarity thereto.

34.  The transgenic plant according to any one of claims 29 to 33 wherein
said plant is a rose, petunia, chrysanthemum, carnation, gerbera, iris, tulip, lily,

lisianthus, freesia, delphinium, limunium or pelargonium. ~~ =~ = —— - .
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-potting m x and maintained. at 23[-err}C under a 14 hour photoperiod (300 pE.
.mercury halide light). Tob formation a. Plant Material N codana

t abacum (cv. Xant hi nium‘ﬂ“@m“ﬁ} @re mai nt ai ned on M5 nedi um suppl enent ed
with 1 ng/L indoleb c _ and sol i di f i-.edwth—0-25%{w-
Gelri‘te. Leaf tissue was cut into 25 nmmR2 squar es iangipEReEdHABIRE 47 medi um
containing 1 ng/L BAP and 0.5 ng/L indol egggtic j:i d (IRERLACED 24 h;urs. b.
Co-cul tivation of Agrobacterium and tobacco tissue ' S
carried out assprevi | : 1:8. . : transgenic
t obacco pl ant sjj)Afteﬁ%ﬁ%ﬁlﬁgg{a@gﬁf‘g&gg@% |LHsMcn:s‘ll1 ;’,\i?g rg\régé)érra%egf “f%p%gt
medi um suppl ensre egewirtgetdniag/ L BAP, 0.5 ng/L | AA, 100 ng/L kananycin and
350 ng/ L cefotaxinme (selection mediun). Regenerating explants were
transferred to fresh selection nediumafter 2-3 weeks. Adventitious shoots

whi ch I vedsg h ' ' 4 tp M5
Todi U cont ai mg 1 TRy L8 ey S e B £ R bl

for nucleotides which encode or are complementary to a sequence which encode, a

cytochrome P450 molecule or like molecule from a plant, said method
comprising amplification of cytochrome P450 nucleotide sequences or
complementary sequences from a suitable preparation of nucleic acid
molecules from cells of said plant by one or more polymerase chain reéctions
using one or more oligonucleotide pﬁmers, said primers having a nucleotide
sequence derived from one or more consensus sequences of known microsomal

cytochrome P450 molecules.

37.  The method according to claim 36 wherein the consensus sequence is

from the haem-binding domain of cytochrome P450 molecules.

38.  The method according to claim 37 wherein the consensus sequence is
F(G,S)XGXRXCXG, wherein X is any amino acid.

39.  The method according to claim 37 wherein the consensus sequence is
FMPFGAGXRXCLG, wherein X is any amino acid.

40.  The method according to claim 36, 37, 38 or 39 wherein the cytochrome
P450 molecule or like molecule is a DHK hydroxylating enzyme.

41. The method according to claim 40 wherein the DHK hydroxylating
enzyme is 3’, S"-hydroxylase.

42.  The method according to claim 40 wherein the enzyme cloned has an
amino acid sequence or is encoded for by a nucleotide sequence substantially

as set forth in Figure 9 or 10 or having at least 40% similarity thereto.
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Toot induction. Wen roots reached 2-3 cmin length the transgenic tobacco
‘plantl ets were transplanted to soil as described for petunia. - 39 -
Ant hocyani din anal ysis Prior co HPLC anal ysis the anthocyani n nol ecul es
present in petal extracts were acid hydrolysed to renove gl ycosyl noieties
from*t he ant hocyani din core. The hydroxylation pattern on the B ring of the
ant hocyani n pignents was determ ned by HPLC anal ysts of the anthocyanidin
core nol ecule. The HPLC systemused in this analysis was a Hew ett-Packard
1050 equi pped with a nultiwavel ength detector (MAD). Reversed phase
chronat ogr aphi ¢ separations were perforneq;gg a Spherisorb S5 ODS2
cartridge colum, 250 mmx 4 nmID. a. Extraction of anthocyanins and
flavonoi ds Fl ower pignents were extracted from petal segnments (ca. 50 ng)
with 5 mM of nethanol containing 1% (v/v) of aqueous 6M hydrochloric acid.
Extracts were

FIGURE 1A

FIGURE 1B




diluted with water (1:9) and filtered (MIllex HV, 0.45p) prior to injection
into the HPLC system b. Hydrolysis of anthocyani ns Crude nethanolic
extracts (100 [err]) obtained in a. above were evaporated to dryness in
Pierce Reacti-Vials using a streamof dry nitrogen at roomtenperature. The
resi dues were dissolved in 200 [err] 2M vial s were capped and then
heated at 100[err]C for thirty m nutes. %Qol ysis m xtures were diluted
with water (1:9) and filtered (MIlex HV, 0.45 err]) prior to HPLC

anal ysis. c. Chronmatography Separation of flower pignents was effected via
gradient elution using the follow ng system Solvent A (triethylam ne:

conc. [err]: H20) ~2s D: 1008 1y ace iALixl € Gadi ent Conditions:
5% B to 40% B o§§ﬁ2 i n% EbH %gr@%perature: 35C
- > -
PAL © C4H OH 4CL
Phenylalanine p-coumaroyl -CoA

malonyl-CoA

CHS
H OH
, HO O
Tetrahydroxychalcone

{cx-u

HOOH

HO O
Naringenin

LF3H _-
Hoo OH
— Dihydrokaempferol ——

DFR
3. UFGT 35

Hydroxylase HOOH Hydroxylase
HO O-Glc |

Y Pelargonidin-3-glucoside *

OH
® OH | HOLA.Q
HOHast lase OHH
L} l_ as
Hoo O St Anhend HO O
Dihydroquercetin - Dihydromyricetin
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-40- Detection: MAD with sinultaneous data acquisition at 280, 350 and
546nm The anchocyani di n peaks were identified by reference to known
standards. 2. CLONING AND ANALYSI S OF 3',5' - HYDROXYLASE Char acteri sati on of
~the 3',5 -Hydroxyl ase Enzyne a. Devel opnental Regul ation Extracts of P.
hybri‘da cv. OGB petal s harvested fromfl&wers'at the different stages of
devel opnent defi ned above were assayed f i , 5" -hydroxyl ase activity.

3',5 -Hydroxyl ase enzynme activity in OGB petals was found to be

devel oprment al |y regul ated during maturation of the corolla (Figure 2B).

Thi s devel oprrentgl profile papRl | el ed the expresgyon of ~other nes

i i ) , E‘a s,, Activity of the | ase
enzyne and expressi O¥”§ (C e35;51t IH%@'Q S$ech one
i sonerase (CHI ), digh@diypf MvVonol reductase gengs ®eaQ Mound stages

3to 4 of flower Dihydroquercetin Dihydromyricetin
DFR l DFR
UFGT ' UFGT
HO oH 3
Cyanidin-3-glucoside Delphinidin-3-glucoside

o '

HO OH
HH ?—lH

HO  O-Glc-O-Rha HO  O-Glc-0O-Rha
Cyanidin-3-rutinoside Delphinidin-3-rutinoside
2 l 2 ‘

HO OH OH
RNt
OH

Glu-O O-Glc-O-Rha-pCum  Glc-O  O-Glc-O-Rha-pCum

Cyanidin-3-(p-coumaroyl)- —Delphinidin-3-(p-coumaroyl)-
rutinoside-5 glucoside rutinoside-5 glucoside

3‘ 3l

OCH OCH
HO\*‘- @—OH" HOOH3

OH |
Glu-O  O-Glc-O-Rha-pCum Glc-O  0-Glc-0O-Rha-pCum
Peonidin-3-(p-coumaroyl)- Petunidin-3-(p-coumaroyl)-
rutinoside-5 glucoside rutinoside-5 glucoside
: ‘|
HO OCH4
0
O)—-OH
-~ © OCH3

Glc-O  O-Glc-O-Rha-pCum

Malvidin-3-(p-coumaroyl)-
FIGURE 1B rutinoside-5 glucoside



devel opnment. b. Induction of 3,5 -Hydroxylase Activity in Leaf Tissue
CGenes of the flavonoid pignment biosynthetic pathway are not normally
expressed in |leaf tissue. However, synthesis of del phinidin pignments was

i nduced in OGB | eaves by incubation in a 2% (w v) glucose solution in high
light. Under these conditions, 3,5 -hydroxyl ase enzyne activity can be
detected in OGB | eaf tissue. Maxinmal induction of enzynme activity was shown
to oceur after 96 hours of the gl ucose/gy | ight treatnent. Under these
Condi tions the expression of several other pignment biosynthesis genes was
al so induced to |l evels conparable to those observed in enmerging petals. It
was concluded fromthese results that the H 1 and/or Hf-2 genes are induced

in glucose/ highfrrgnt treat o reaf~trssue- - o i o ol o AT
3',5' -Hydroxyl age Bel ongs to the Cytochrone P450 Class of Enzynes
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3',5 -Hydroxyl ase activity in O3B petals was shown to be associated with
the m crosonal fraction and dependent upon the presence of NADPH. Activity
could be inhibited by treatnent of the m crosomes w th carbon nonoxide and
by two inhibitors that specifically inactivate cytochrone P450 enzynes:
tetcvcl asis and 1-am nobenzotriazine (Taton et al, 1988; Matthews et al,
1985; Rademacher et al, 1987). Constr _f?@n of a cDNA Library Enriched for
Cytochrone P450 Sequences Transl ati on of ~cyt ochrome P450 mRNAs occurs on
menbr ane- bound pol ysomes (Takenori and Kom nami, 1989). Therefore, in order
to enrich for cytochronme P450 sequences (including 3',5'-hydroxyl ase
sequences) a cDNA library was constructed using nenbrane-bound pol ysonal
RNA i sol ated from OGB petals_of stage 3 #0 4 flowers. Isolation of the
petal RNA fromstage 3 to 4 flomers ensi"ed that. 3".5"-hydroxyl ase :
sequences were nmaximally represented in PR llbrafy &lnce 3',5' -hydroxyl ase
activity had been shown to. he, paxi mal .at . ‘st age. @f .« developnent (see.
above and Figure 2B). The resultant Ilbr ~de5|gnq£ed cDNA I|brary #1,
cont ai ned 250, 000 primary reconblnants
Petal Cytochronme P450 CE»ME: g

®: -



A | arge nunber of cytochronmes P450 have been sequenced, from organi sns as
diverse as vertebrates, fungi, insects, bacteria and one plant (Nebert et

.-al, 1991, Bozak et al, 1990). A characteristic of all these enzynes is the

exi stence of a nunber of small regions of sequence conservation, especially
around the cysteine residue involved in haem binding. The am no acid
sequence F(G S) XGXRXCXG is present in the haem bi ndi ng domain of nearly al
m crosomal cytochromes P450 sequenced to date, where X can be any am no
acid (Figure 3). This consensus seigzgﬁs was conpared with the NBRF protein
dat abase, using the FASTA program ( on and Li pman, 1988), to determ ne
the frequency of occurrence of am no acids around this area for all -42
- of the mcrosonal cytochrome P450 sequences in the database. This

anal ysis showed that the nost common amino acid sequence for each position
around the haemjbi ndi ng domai n was: FMPEFAGXRXCLG

| AAAAA
—TTTTT
Xhol

CONSENSUS { Fg X[GIx R X[CIX G

Eco Rl

3|
s
FIGURE 3




An ol i gonucl eoti de was designed to hybridize to a gene encoding the
underlined sequence and sim | ar sequences. This oligonucl eotide, designated
oligo 1, is shown below 5 '-CGCAAGCTTATICCITT(T/C) Gd GCI GG 3' The
underlined portion is additional sequence which includes a Hi ndll
recodnition site to facilitate directi0ﬁ25H§loning of PCR products. The

i ncl usi on of deoxyinosine (1) covered t fferent possibilities for codon
usage where nore than two codons could encode the sane anino acid.

Deoxyi nosi ne bas&ipalrs with simlar efficiency to A, T, Gand C (Nartin et
al, 1985; Ohtsukg et al, 1985). Plasm d DNA obtained from cDNA l'i brjary #1
as described in tthe Materials and Aft hodg\pas d as gotenplatg fdr the
anplification of ja 360 bp cytochr age P4505re|at sequgdce US| ol}i gos |
and 2 (Figure 3).| digd® correspaﬁded tothe -go prinerm (Straipgene) plus
a GCN4 bindi ng sijte (L and Kenp,~1989) @t thesd' endp The PCR fragment
was cloned into @Bl ueschi pt and t resul ng plasm d s desi PRat

pCGP450. The 5' rgg;onﬂﬁ pCGP450 code pol eptld sequen wilt h
significant honol tg_preV|ousI eque d cyweéchro P450 ec | es.
<
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=
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| sol ati on of Cytochrome P450 Honol ogues froma Petunia Petal cDNA Library

Plasm d pCGE450 was used to screen cDNA |ibrary #1 (60,000 pl aques) for

rel ated cl ones. Two consecutive hybridizations under conditions of high and

| ow stringency were used to detect both sibling clones of pCGP450 and a

second group of cyt ochrome P450 cDNAs. A representative cDNA clone of each

of the sibling groups was selected for sub @& anal yses. The pCGP450

- 43 - sibling was designated pCGP1l42 and the representative of the second

group was desi gnat rPLGPY47. A Sall - EcoRl fragnment that included only

t he codi ng sequencés of pCGPl47 was then used to re-probe 16,000 pl aques

fromcDNA |ibrary #l.at Low sgrl ngency, A [ .otal_, of 20 clones that

“hybridized to the p.r,obe,ée. qyep, agggvmcjl;fg_,t fu‘r_t,her g_ytcﬁchrone

P450 honol ogues to be"id " 8™and &5 (‘F‘rgur AMRGT CTC

| sol ation of an Addl_tlons Pet aI C%ochrorre P450 Honol ogue by PCR Sequence
he

i nformation from around tat Fve Haem Bi ndithg d¥mai iGof Ghe v
ATT TCA -CP. ATT CAT TCC ATG RAC GGT 1TCT GTT

TC
N M T ¢ X I L C F T y g
3AC ATG ACA CRR RAG ATT CTT TGT TTT ACR AAC Ter
v T C 2 T A T G X V v g
GTG ACT TGT XGA ACA GCT TTC GGG ABA GTA TAC aaa
N Q@ N E L I N L M- R =z vy
AAT CAA AAT GRA TTG ATA AAC TTG ATG AGG GAA GTA
L E L V G G F D =——m—mmmmme_
CTG GAA TTA GTA GGA GGA TTT GAT ~=m—————mmmm—ooe e
F E N S ?p v E F I G N H
TTT GAA AAT TCT CCG GTT GAG TTT ATT GGA AAT CAC
F E L VvV ® Ff® G A G K R I
TTT GAG CTT GTT CCG TTT GGT GCA GGA AAA AGG ATT
C » G M 9 ¥ G L A N I R
TGT CCA GGA ATG CAA TTT GGT TTA GCT AAT ATT 2GA
8 .? L A R ¥ L Y H F N W
CAT CCT TTG GCT CGA TTC CTC TAC CAT TTT AAC TGG
A L P Y ® T N ® E D L D
GCG CTT CCA TAT GAXA ACT AAT CCT GAA GAT TTA GAT
s . X N M D
AGT CTG AMX AAT ATG GAT TAA CTCCACCAAABCACAD‘C
TCTATACTTAATTGCCGTAGATCACARAGAAGGTGATATATARATTC
TGATGTTCTGCTTTAAATGETGARAGTCATACTCTACACAATGCTTC
ATCTCCTTAATTTGAGTTTGGTGTACATT TGTGTCTCCCTTTTAGCT
TTGAATTTCACCTTGAARAATGATCACATTTTCTTTTTCTGTTACTC
CAATTAAGATATATGTTGTGGTTGGTCAATTATGCCATATTTATCAR
A : TATARRACTG
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petuni a cl ones pCGP142, pCGP147 and a previously sequenced avocado
cytochronme P450 sequence (O Keefe and Leto, 1989; Bozak et al, 1990) was
used, as described in the Materials and Met hods, to. design a second
degenerate ol igonucleotide (oligo 3) which covered am no acid sequences
encoded by at least two of the three cytochrome P450 clones. This

ol i gonucl eodi de was used to anplify rel ated sequences by PCR usi ng cDNA
library #1 as the tenplate and oligo 4 as the second priner (Fig. 3B).
Reaction products in the size range 250-500 bp were isolated as descri bed
in Materials and Methods and cl oned int$ g@p ddT-tail ed pBluescript vector
descri bed by Holton and G aham (1991). A cl oned PCR fragnents were
sequenced and shown to encode a fifth cytochrome P450 honol ogue. One cl one,
desi gnat ed pCGP454, was chosen for further analysis. Isolation of Further
Cytochronme P450 Honol ogues from cDNA Library #1 A m xed probe of
[err]P-1abell ed DNA fragnents that included the coding regions of the
cytochrone P450 honol ogues pCGP142, pCGPl47, pCGPl 58 and pCGP160 and the
CDNA insert from pCGP454 (Figures 4B to 4H) was used to screen 50, 000
reconbi nants fromcDNA |ibrary #1 for rel ated sequences. A total of 152

hybri di zi ng cl ones were det ect eg=sagei—tau=ctingency

FIGURE 4C

FIGURE 4D

FIGURE 4E -




hybri di zati on and washi ng conditions. A further 13 different cytochrone
P450 honol ogues were identified by sequence anal ysis of DNA isolated from
the hybridizing clones. Two. closely related sibling groups were

di stingui shed anongst these clones. The coding regions of each of the two
groups showed -44 - 94% honology or simlarity at the DNA |level. Two
representatives of one sibling group, pCGEA@4 I%i gure 5A) and pCGP1l76, and
one representative of the other sibling group, pCGP175 (Figure 5B), were
chosen for further Eﬂ%% rthern and RFLP Anal ysis of the Cytochronme P450
Honol ogues Nort her n<an ‘ﬁk P anal yses were used to distinguish which
cytochrone P450 honnlogggs had.t he nnlegyl characterls;|c§ of- a £DNA

encoding a 3',5 - hydro ghﬁ er é§§7 Bm MaTo it n,EHJnﬁ)rﬂa
H 1 and Hf2, that comdwo @@ E%éﬁ gﬁ -ué- caale

1984; Wering, 1974). Hfl is erressed [ both t he nb and th t ube of P.
hybrida flowers and dIves r15e_to nuc hlgher evq}s of 8 5 deroxylase

activity than does Hf22 which i & o ‘Qy

~v-lClTT;-G.n“ATCCA CAllTCClATTCTCAAACCAAAAAATTC

58 63 78 88
> » ¢ ?P W KV 2 F L G S L L & M
CCTCCAGGCCCATGGAAAGTACCTTTTCTTGCAAGCTTGCTITCATATG

105 116 128 135
vV G G L P H H vV L R D L & K K Y
GTAGGTGGACTTCCACACCATGTCCTTAGAGATTTAGCCAAAAAATAT

174 184

154 164

G P I M HL QUL G K I 8§ A V Vv vV
GGACCAATTATGCACCTTCAACTAGGTAAAATTTCTGCCGTTGTAGTT
: 202 212 222 232

T §$S P E M AR K V L K T # D L 2
ACTTCTCCTGAGATGGCAAGAARAAGTACTAAARACTCATGACCTIGCA
250 260 270 280

F*A Y R P K L L G I E I VvV C Y N
TTTCulTlTKGGCCTAAPCTTCTACCCATLGAGATTCTCTGCTATAAT
298 308 318 328

S S DI AF S P Y GDJY WRQM
AGTTCAGACATTGCCTTTTCCCCGTATGGTGATTACTGGAGGCAAATG

346 356 365 376
= x 1 ¢ VvV L EV L S A KNUVRS
CGTAAAATTTGTGTATTGGAAGTGCTTAGTGCCARARATGTCCGGTCA
394 404 a1 124
r ¥~ S I R R DE I L L M I DFE L
TTTAACTCGATTAGACGAGATGAAATACTTCTTATGATCGATTITTTG
442 452 462 472
2 § S S G XK P v N I T E R 1 F HE\
CGATCATCTTCTGGTAAGCCAGTTAATATARCAGAAAGGATCTTTTCA

490 500 510 520

FIGURE 4C



expressed in the linb. Petunia 3',5' -hydroxylase activity is also

devel opnental ly and spatially regul ated. Under normal growth conditions,
the enzyne can only be detected in petal tissues, increasing to maxi mal:

| evel s around stages 3-4 of flower devel opnent and then declining in the
fuIIy open flower (stage 5; see Figure 2(B)). Activity can al so be induced
in leaf tissue under certain stress conditi Qs ch as the gl ucose/ high

| i ght; treatnent descri bed above. Accordingl£ DNA cl one encoding a
3',5" -hydroxyl ase was _expected to have an expression profile on RNA blots
t hat paral |l el ed the enzyne aTti ity priofid e.R1tSwa¥ alSo @xpected thatxa
cDNA cl one encoding 2~ Q~3%&ﬁ¢3§?3?33?T?&R&@&yCéée%Mﬁl@t@aﬂnggxyjngpthe
Hf 1 or Hf2 loci. H 1 has beenzB@ipped to Tht onpsone SZ&f the P"hybrlaa
genone and is l'inked to the Ehl |ocus (Cornu, 1984; Cornu et al, 1990)
while H2 is closely Einked To Po @n ¢hr @osonevV Wl rogh et &I :1986) .
RFLP anal ysis of DNAGRSOLEIEHCERANTGT Y rad~QuDetariiem ot s, tpt.a«al:.@*@ﬁ* el
froma cross between the inbrggslines VERgHfI/H | 04 2/ H 2) and ReT =7
(hfl/bfl, hf2/hf2) was used to obtain |inkage data for the various

cyt ochrorre P450 honol ggues. An ff 14~ gengt ype was assignegd te F2Z pl-ants

that had 3', hydromyhmﬁzqm¢:vrtzdandﬁtiigm@c calesg +¥tﬁ§thHmaﬂAImmas
possible to aSS|gn an Hf |/ Hf 1sgenotype tgu4l ants |@~Lhe 554
Vv L I G M X G X I M D V E 2 X ¥
GTACTAATCGGTATEAAGGGTAAAATTATGGATGTTCATCGTAAGSTA
€32 832 702 712
b &8 1 VvV £ E V M N Z H K Z T L 2
GATGCTATTCTITZAGGARGTCATGAATGACGCACARAGARACTCTTCGR
730 740 730 750
T G £ T N G £ V G G E D L T D V
ACTGGCAAGACCAATGGTGAAGTGCCGAGGAGAACGATTTAATTGATGTA
778 788 798 808
L L R L X E E G D L Q L P I T N
TTGCTAAGACTTAAGGAAGAGGGAGACCTTCAACTTCCAATCACAAAT
826 §36 848 8535
2 N T X A I © M D M F A & CG T =2
GRCRACATCRAARGCCATTTTTAATGACATGTTITGCTGCGECGARCAGARN
874 834 894 304
T § § T T I N W A M V¥ E L M X N
ACTTCATCAACAACAATTAACTGGGCCATGGTAGRACTGATGARMRRAT
822 ¢32 942 652
? S ¥V ¥ A KX A Q & = ¥V R =2 ¥ © X
CCAAGTGTATTCGCGARAGCTCARGCAGAGGTAAGAGARGTCTT AR
¢79 G390 9%0 iQ0¢
G ¥ £ T © D T D D I =Z 2 L N ¥ L
GEGRAAACGARACTTTCGATGAAGATGATATCCGAGGAGCTGAATTALLCTT
i01i3 1028 12338 1343
X L ¥ I R E T L R L ®E P 2 & 2 L
AAGTTAGTCATTAGAGARACTTTARGACTCCACCCTCCACTICcaCTY
1083 i67¢8 1038 1053
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popul ati on based on |inkage to the phl gene which influences the pH of the
petal vacuole (Wering and de Vl am ng, 1984). - 45 - The V23 parent |ine
(HfI /Hf 1) al so had a phl/phl genotype which results in a petal honpgenate
pH of approximately 6.2. Since Phl/- plants have a petal honpbgenate pH of
5.3 it was possible td distinguish pb.1/phl (Hfl/Hfl) plants within the
R51xV23 F2 popul ati on by assayi ng the pH of hom)genat es. The |inkage
between the Hf 2 and Po | oci was used to di stll ngU| sh candi date Hf 2 cl ones.
The Po | ocus has been shown to correspond_to the_ P.__hyhrida chi- A gene

whi ch encodes the en thal‘cqngj _ﬁﬁnoﬁe Rsorfer ase f\(an- TuherGet Yal T
1991). A cDNA clone of > Ghi - A"q‘twd- e £F BFBCBE R PP RTGCERAAI T
to assign a Po or po genotype-t-o i ndi vi Hbdfs in thel¥2 popul atidh. Since
V23 has an H 2/ Hf 2, po/ pa genotype it_was possible to determine |inkage to
the Hf 2 | ocus by co- e;greﬁat ifon Yof T heX V2%B- | fke Yand¥ R5¥- | ke RFLP p@tte(ns

-

with the pa and Po pa:He‘PHS é’et:e‘él'éa:h AEHEATRIGTA YA DBETTGGGCTATTGGAAG

1252 1172 1132 1192
D P & f W D D A T S F K P E R F
GATCCAAAATATTGGGATGATGCAGAAAGCTTT;AGCCTCACAGATTT
1210 1220 1230 1240
z 2 N §$ L ¥ ¥ A G N N F E Y L P
GAACATAACTCTTTGAATTTTGCTGGCAATAATTTTGAATATCTTCCT
1258 1268 1278 1288.
F G §S ¢ R R I C P G I §$ F G L 2
TTTGGTAGTGGRAGGAGGATTTGCCCCGGAATATCATTTGGTTTAGCT
1306 1316 1326 13356

N v Y £ P L A Q L L Y H F D W R

1354 1304 1374 1384
L ? T GV D P NDF E L T s *
CTTCCTACTGGGGTCGACCCAAATGACTTTGAATTGACTAGTTAGCTG

1402 1412 1422 1432

-

GAGTAACTACTGGTAGGAAAAGAGACCTTTACTTGATTTTCACTCCTT

1450 1450 i470Q 1480
ATTCACCTTCTCTARAGTGATTARATGG-GCAAATTTTAATTTGAAAT

1498 1508 1518 1528
AATACTTTTTCTTGTITTACATTTCTCTICCCATTGTTGTATTTCATTTA

1545 1356 13656 1576
CCTATTGTTGTACTTCTTTCTTTTIGTTGATGTCTTAGGTTTTACCTAT

1594 1604 1814 1624
TTCTATGCATTTG -"T”TAAAA;APAA;%;AAAAA

1542 1652 189
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cDNA fragnents that corresponded to the 3' untranslated regi on of the
cytochrome P450 honol ogues were used to probe RNA bl ots and Sout hern bl ot s
of genom c .DNA isolated fromindividual plants in V23 x R51 F2 popul ati on.
By this analysis it was shown that the genes corresponding to cDNA cl ones
pCGP174 and pCGPl75 were expressed in a manner that paralleled
3',5" -hydroxyl ase activity. Furthernore, thggﬁ;gﬁﬁcorresponding to pCGPlI 74
was shown to be cIoser | inked to the Hf 1 | ~and pCGP17S was linked to
the Hf 2 | ocus. ng 74 A 330bp Hindlll - Kpnl 3' fragnent from clone
pCGP174 (Fig. 5A) g tern of hybrldlgatlon on, bot_h RNA and DNA bl ots
t hat suggested that ﬂs“cl“one*%oPi’ésMe@-i’op‘t e IRWsAEE giek Bpu
The gene was expres$&& i~ Eot'?r@ﬁﬂﬁ-Garﬁa“:bu@@Pt GSsUeETenF TAadGAT GTA CTT
devel opnental profil€ ;haL p [ed 3 gg y&ise act|V|ty, _peaki ng
in Stage 3 petal |inhs, §P gn? ﬁﬁ% Lge T f5&i/ \@te i Adpced
inthis tissue by th?gl 'C’OS HrghSh G Tt FAA ﬁbrrt% ngFé, TTRr@ATas
no det ectabl e expres&Lon ~of, Lhe,geng N 1 - eLaI tL§sue of [ he hf1/hf1

tant | R51 3C By .cant 1 V} E £SPp Leu Phe
mut an I nes or WE3~,BY CoR R@E -_r E -

= ATC CTG GA- TTA TTC
Ile Ala Gly Ser Asp Thr Sexr Ala Ile Thr Thr Glu
ATT GCT GGA AGT GAT ACA TCT GCC ATA ACAR ACA GAA

Trp Ala Met Alz Glu Leu Leu Arg Lys Pro Gln Glu
e

yr Trp Glu Lys Pro Leu Glu Phe Met Pro Glu Arg
TAC TGG GAA AAA CCA CTG GAG TTT ATG CCT GAA AGA

Pre Leu Lys Cys Ser Leu Asp Tyr Lys Gly Arg ---
TTC TTG ARAG TGT AGT TTG GAT TAC AAA GGT AGG G--

Phe Glu Tyr Ile Pro Phe Gly Ala Gly Arg Arg Ile
ITT GAG TAT ATA CCA TTT GGC GCA GGT CGA AGA ATT

Cys Pro Gly Met Pro His Cys Asn Lys Asp Gly Glu
TGT CCT GGA ATG CCA CAT TGC AAT AAG GAT GGT GAA

Phe Asp Ala Gly Phe Asp Tyr Ser Pro Phe Ser Tro
TTT GAT GCT GGC TTC GAT TAT TCA CCA TTT AGT TGG

Glu Leu Pro --- Gly Met Alaz Pro Lys --- L
GRA TTA CCT -2A GGA ATG GCA CCA AAG -AT T

Met Glu Glu Gln Phe Gly Val Thr Leu Arg Lys Ala
ATG GAG GAA CAG TTT GGA GTT ACC TTG AGG AAG GCT

le Pro Leu Ile Ala Ile Pro Ser Met Glu Glu Lvs
.\TT CCC CTT ATT GCC ATT CCC AGT ATG GAA GAA AAG
Val Ile Phe

GTC ATA TTT TAG CCCAAAAGCTATGCATTTTGTGTGTATGTTT
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-46 - high levels of expression were detected in the H1/H 1 |lines V23 and
Th7 and the V23 x R51 hybrid (Fig. 6A). On Southern blots of genom c DNA
digested with Xbal, the 330bp HindlIl - Kpnl 3' fragment from pCGP174
detected two RFLPs that segregated independently in the V23 x R51 [err]
popul’ati on. RFLP #1 corresponded to strongly hybridizi ng DNA bands while
RFLP #2 corresponded to weakly hybridi zi ng see Fig. 6B). Eleven out.
of 12 plants that had been assigned a phl/phl génotype had a V23- |ike
pattern for RFLP #1 @#5 ut of 49 plants that had 3',5' -hydroxyl ase
activity in the tub® had e-ther a V23 - or VR - like pattern for RFLP #1.
In addition, for a tqQtal of 32 plants, there was conpl ete, co-segregation of
the V23, VR and R51 RFLP ¥atterns ¥or é&hi -A-‘ az: with the cor Fespahdi ng
patterns of RFLP #2AMPndsRCdATE prdvi 66 SIF n@ &y i GBHc &AMal T @C@%’P4G\_:.
encoded a 3',5' - hydroxytaseamt——corTespomded—® the Hf 1 | ocus (RFLP #1)
and t hat the 3' probé.cro8s-hybridezedS o the HT2 | okus (IRFLPS#2) Q W
GCT GGT ACA GAA TCT ACA ACT GCT ACA AGTC C2A Ta

L R N R Q A
C CTT AGA AAT CGA CAA GCC TTg

X D T Q A M v N
“““““““““ CCC 2AA GAC ACT CAA GTT ATG GTA Az

B W A I A Y D 3 K I
GAG TGG GCG ATT GCG TAT GAT CCT AAG ATT TGG G

T K P Q R F I D S X I
AGC TTC ARA CCC GAA AGG TTT ATC GAT TCA ARA ATA

D P L D HE X G Q N F E Y.
GAT CCT TTG GAC CAC AAA GGG CAA AAT TTT GAA TAT
F P F G S G R R I C A G
TTT CCT TTT GGT TCT GGA AGG AGA ATT TGT GCT GGA
E ®» L A S R VvV I P L A V
GAA CCT TTG GCT TCT AGG GTT ATT CCC TTA GCT GTT

A S M I H K F mmm————- _
GCT TCT ATG ATC CAT AAG TTT ———====-= GATATCACTAT

L
GTTAGAAGATCCACTCTCATCATTCCTARGTTGAGAAGAGTGAGGAA

ATTAARAGAAGCA CAP*.CATATC'T’T \CTATAAAAACTCGTTATATATA
TATATATTGCTGTATCTATATATGTGTGAATGATCTGCTGCTCATGT
TGTGTTTTGTTGTTTGTGTACTATAGGTCATACCTAAGTTGATGARA

- TGTCTCTGAGAATATATACTCCT ".".".'.'."AT.—*.ATACGAGTA. TTTACCGA

TAATTAATATTCCTGCGACAAAAARAAAARAAAANA
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b, pCG&P175 A 320 bp HindlI1/Xhol 3" fragment from clone pCGPl 75 (Fig. 5B)
gave a pattern of hybridization on both RNA and DNA bl ots that suggested

that this clone corresponded to the H2 locus (Fig. 7). The Northern

anal ysis showed that the gene was devel opnentally regulated in a simlar

way,to pCGP174, with maxi mal expression in Stage 3 OGB petal |inbs, however

no expression was detected in OGB tube%$§5$ﬁ% The gene was al so expressed

in the petal tissue of V23 (Hf2/Hf2), ( [ Hf 2) and the V23 x R51

hybeid (Fig. 7A).. _On Southern blots, the 320bp Hi ndl 11/ Xhol fragment from

pCGP175 hybri di?gﬁ‘;?"t%’?he sanme genom c fragnments produced by Xbal digestion

of V23 and R51 genonmic DNA that weakly hybridized to_the pCG1l74 3' probe

(RFLP #2). There-was TonpEete ¥o-s¥gredati oR of Yhe ¥23-,5VR- Land ®&51 -

li ke RFLP patter 8§ de®3cted BICRhATHECEAYSGAT (rDbel&md THY €4% exmendi ng

- 47 - RFLP patt ermrs—for——chn -ﬁPO) (Fig. 7B).

v ® I 2?2 3 X T R L F I g
TAT CAC ATA CCT GCT AAR ACG AGA CTC TTT ATC Aar
A W T M G R D P L T W =
GCT TGG ACR ATG GGG AGA GAC CCA CTA ACA TGG Gaa
N P E = Y Q P E R F L W
RAT CCA GAR GAG TAT CAG CCA GAG AGA TTC TTG AAT
R D T D V XK G V N F E F
AGA GAT ACT GAT GTC AAA GGA GTR ARC TTT GAG TTC

P F G A G R S
ATT CCC TTT GGC GCC GGC ARGA AGC
<

FIGURE 4H



Yeast expression experinents (see bel ow) subsequently confirmed that
pCG&Pl 75 and a sibling of pCGP174 (pCGP176) both encoded a 3',5' -

hydr oxyl ase. In addition, expression of a full-length version of pCG174 in
an hfl / hfl, hf2 / hf2 Petunia nutant resulted in increased
3',5"-hydroxyl ase activity and production of 3',5'-hydroxyl ated

ant hocyani ns above the | ow basal ﬁﬁygéf normal |y found in the
non-transgeni c plant. Taken toget th the RFLP results, it was
concluded fromthese data that pCGP174 correspond to the Hfl |ocus and
pCGPI 75 correspond to the Hf 2 |l ocus. Isolation of Full-Length H 1 cDNA

Cl ones and Sequence Analysis From prelimnary sequence analysis it was
“shown that pCGPl74 did not represent a full-length clone of the
correspondi ng transcript while pCGP175 included a putative initiation codon
and was presuned to be a full-length cDNA Sequence anal ysis al so showed
that pCGP176 was .a | onger version of pCGPl74 and included an ATG codon 17bp
fromthe 5° end. However, fromthis analysis alone it was not possible to -
confidently predict whether pCG176 included the entire coding regi on of
this gene. Accordingly, cDNA library #2 was=acreened for |onger clones of
the pCGP174/ pCGP176 sibling group. ApprOX|nater 1.5 x [err] reconbi nants
fromcDNA |ibrary #2 were screened

ol
nd

X

o
£ Q
X X

FIGURE 5A



for clones that hybridized to the 0.33 kb Hindlll - Kpnl 3 fragnent from
pCGP174. Two hybridi zi ng cl ones, designated pCG?601 and pCGP602 were chosen
for further analysis. Both pCG601 and pCGP602 i ncluded presunptive
translation initiation codons, but pCGP602 encoded a |onger 5 untransl|ated
regidon. A restriction enzyme map of pCGEP602, indicating the nethodol ogy
adopt ed for sequencing the clone and thHgﬂjgonucl eoti de priner sequences
used to obtain overlapping sequence information, is shown in Figure 8.

-48 - The nucl eotide sequence and deduced amino acid sequence of the

si bling clones pCGP176 and pCGP602 are shown in Figure 9. Simlarly, Figure
10 shows the nucl eotide sequence and deduced transl ation product of

pCGP175. Using an alignment generated by the LFASTA program (Pearson and

Li pman, 1988), the am no acid sequences encoded by the petunia

3',5 -hydroxyl ase genes were found to share 94% positional identity. The
nucl eoti de sequences i

Xho |
Hind 1l

o c
o Q.
> X

FIGURE 5B



are 94%identical. Based on the classification scheme for cytochrones P450,
this sequence simlarily would place both genes in the sane

fam |ly/sub-fam |ly. Because the 3',5' -hydroxylase am no acid sequences share
| ess than 40% identity with any previously characteri sed nmenber of the
cytochrone, P450 superfamly, the correspondi ng genes-belong to a new P450
famly separate fromall other P450 gf@ 53 Expressi on of pCGP175 cDNA in
Yeast The cDNA ins n_a _sense orientation

behi hd the gl yceral
vector pYGA22m Th

transforned into t yeast strain Gl3 . I ngle
transformant was grjown in-50 JINB . -A
m crosomal fractiory prepared o R e -
3',5' -hydroxyl ase ct|V|ty \M'nle N eGuys frpm
non-transforned ye s‘t- ‘had t -epncl uded
that the cDNA inser rbmwm rgssion
of pCGP176 cDNA in Jyeast . The .cl ih a
sense orientation fehi:nd the: .- :
™
<.
o O
N -y
u.
F



gl ycer al dehyde- 3- phosphat e dehydr ogenase pronoter
~PYGA22m The resulting construct,

in the yeast vector

desi gnat ed pCGP620 was transforned into .

the yeast strain G 1315. An extract prepared fromthe transfornmed yeast was

shown to have 3',5'

49 -+

hydr ox| ase.
P. hybrida [err]

behi nd the Mac pro

construct, design
Pet uni a hybrid Sk
di scs of Skr4 x
t he pCGP602 cDNA

il

- hydroxyl ase activity while an equivalent fraction
prepared from non-transformed yeast had no activity (Fig.
this it was concluded that the cDNA i
Expres

13).
rom pCGP176 encoded a 3',

From

5|

e the hfl/hf1, hf 2/ hf 2

hiybrid Skr4 x Swe3 The pCGP602 cDNA insert was TTQ
bi nary vector pCGP293. The resulti

ter
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SwW63 genone was confirmed by Southern analysis of plants obtained after
kanamyci n sel ection. The transgenic plants had significantly higher |evels
of both 3',5'-hydroxyl ase enzyne activity (Fig. 15) and 3',5'-hydroxyl at ed
ant hocyani ns (Table 3A) than the non-transgenic Skr4 x Sw63 hybri d.

Al though Skr4 x Swe3 is honpbzygous recessive for both the H 1 and Hf 2 genes

the Hfl cDNA signifficantly increased e Ao

activity in petal Ilrrbtlssuelgaﬂh

petals fromthe trgnsgeni€:p ad four-“

detected in the nof§-transgenic control.(Tab . :

Ni cotiana tabacum gul-tiwv Tobacco (N. Ll [T i).f

produce cyanidin a§:.the 2§§OMSyam di'n. Transf of sy LI tobacgo with
pCGP90 |l ed to the ‘ccunu |gn|f|cant annuntggﬂé @Bhi ni'dig in the

flowers, in additi




- 20 - TABLE 3A Pignent Analysis Anthocyanidin levels found in acid

drol ysed petal extracts Pl ant Mal vi di n Cyani din
Del phinidin (pg/gmpetal) ([err]/gmpetal) ([err]/gmpetal) Petunia Skr4 x
SWe3 100 [err] nd Skr4 x Swe3/ pCGP90
410 ° nd ' nd Tob pon- co cul tivated nd
272 ) nd_control Transgenic tiﬁééﬂ} 229
36 nqgt detected c. {Expression In the T/ ntT, nT41n14 P—hybrea—-erL]
hybrid Rp57 x RM 4 c
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The petunia line Rp57 x Rwml4 was transforned using pCGP90 and a procedure
"simlar to that used for Skr4 x Swe3. Transgenic flowers produced
consi derabl e anobunts of petunidin and nal vidin which were not detectable in
the non-transformed plants (Table 3B). Petunidin and malvidin are both
met hyl at ed derivatives of del phinidin. 51 - TABLE 3B Pi gnent Anal ysis of

hi gh pH I'i ne Rp57xRw 4. Percentageizgé/qggyocyanidins found in acid
hydr ol ysed petal extracts Pl ant Cyanidin Peonidin

Pet uhi di n gdun (% (% (% (% Petunia
Rp57xRM 4 . 95. 0 0 0 Rp57xRw 4/ pCGP90
0 45.2 , 47.0 The expression of the introduced
Hf 1 cDNA in theEbkr4 X Sw63 hybrld had a
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mar ked effect on flower colour. The carpel and stamen tissue of the non-
~transgenic flowers are white whereas these sane tissues in the transgenic

- plants were a blue/purple colour. In addition, expression of the Hf 1 cDNA
in the Skr4 x Sw63 hybrid conferred a deep pink/violet hue to the corolla
which is normally very pale pink. In the case of tobacco, the production of
- del phinidin derivatives |led to a m nor blueing of senescing flowers.

- Expression of the H'1 cDNA in the Rp57 x Rwl4 hybrid again had a marked

- effett on flower col our. hbn-transgengg 7 X RW4 flowers are pink, with
peoni di n being the maj or ant hocyani di 6 sent (see Table 3B).
Transformation with Hl cDNA | ed to a narked bl ueing of flower colour. The
col our changes observed may al so be described in ternms of nunbers fromthe
Royal Horticultural Society's Colour Chart. In general, the changes can be
described as noving the colour fromthe pale-to-md pink hues of 60C/ D -
65C/ D, to the darker bl uer/purpler hues represented by nmany, but not all

of - 52 -

FIGURE 9A

FIGURE 98

FIGURE 9C

FIGURE 8D




t he col our squares between 70 and 85. Al though not wshing tolimt the
possi bl e col our changes whi ch may be achi eved, sone of the col ours observed
in the Skr4 x Swe3 hybrid could be described, approximately, as having
changed from 65B (untransformed) to 70B and to 74B (both transformed).

Li kew se, several in the Rp57 x Rwl4 hybrid m ght be described as noving
from64C to 72B to 77B and to 82B. It shod4/Z9renenbered that other

bi ochem cal and physiol ogical conditions will affect the individual outcone
and the citing of pi {602 col ours achi eved should not be interpreted as
defining the possibterrangeeTh \ h ,:% 2x3Rydr oxyl ase Gene
Sequences in Ot her Plant Spepgggq%hde@g?egéﬁg%ﬁ%?%3 A "g‘qhy‘d-rog&@ﬁm&'d
flavonoids is correlated with the presefice of 3', “hydroxyl aseactivity
and therefore the 3 222 X t Id be expected that these
genes from ocher sp 'E‘S"vc\g![tdéﬁh% e,,,,g,egg Zﬁ'ﬁl\p Coet TRT IETHADyHaaxy! ase
gene under conditi ons of WStri ngencyOJRNA (Fi gur7e3 16) and/ @5 DNA (Fl gure
17) was isolated froma nunber of del phi ni di n-produci ng pl ants, probed W th
[err]-labelled Hf1 cDNA and washed under different conditions qf
stringency. Hybri di amgm*mwmmmwmmmemmc ‘Hv@é.gt\ere

-

the isolation of 3',5'-hydrio@9l ase genes0 120 130
L T B L G A 2 T S I F L I A =
TTACTGAGCTITGGTGCAGCAACTTCAATCTTTCTAATAGCACACA
145 155 185 175
I I I 8§ T L I 8 K T T G R H 1L
TAATCATTTCAACTCTTATTTCAARAACTACCGGCCGGCATCTAC

190 200 210 220

P P G P R G W P V I G A L P L
CGCCGGGGCCAAGAGGGTGGCCGGTGATCGGAGCACTTCCACTTT
235 245 255 265

L G A M P HV S L A KM A X K
TAGGAGCCATGCCACATGTTTCCTTAGCTAAAATGGCAARARAAT

280 290 300 310
Y G A I M Y L XK V G T C G M 2
ATGGAGCAATCATGTATCTCAAAGTTGGAACATGTGGCATGGCAG
325 335 345 355
v A S T P D A A K A F L X 7 1L
TTGCTTCTACCCCTGATGCTGCTAAAGCATTCTTGAAARCACTIG
370 380 390 400
D I N F S N R 2 P N A G A T &
ATATCAACTTCTCCAATCGTCCACCTAATGCAGGTGCCACTCACT
4135 425 435 445
L 2 Y N A Q D M VvV ¥ A H Y G ?
TAGCTTATAATGCTCAAGACATGGTTTTTGCACATTATGGACCAC
450 470 430 490

R W K L L R K L 8§ N L H M L G
GATGGAAGTTGCTARGGAAATTAAGCAACTTGCATATGCTAGGGG
505 515 325 535

FIGURE 9SA



from ot her del phi ni di n-produci ng plants shoul d be possible using a petunia
3',5" -hydroxyl ase gene as a probe. Those skilled in the art wll appreciate
that the invention described herein is susceptible to variations and

nodi fj cations other than those specifically described. It is to be
understood that the invention includes all such variations and

nmodi fi cations. The invention also includeg )3®f the steps, features,
conp@sitions and conpounds referred to or i ndi cat ed in this specification,

i ndi vidually or col ectl vely, - and an\}/ HEE a{tlons of any two or
nore of said steps e qﬁ”ﬁv As n, NS = Stewart,
R N. and Norris, K A-ﬁl@?{ 1 E‘GP&(;TAG
G i esbach, RJ., Norris, 3 nd Leonh%PQt B A Bﬁ@t ochem stiRy®5: _
2509- 2513, 1986 Ashi karl , T. , Kiuchi-Goto, N, Tanaka, Y., Shibano, Y.,
Amachi, T., and G E M L K S M § D M § R E ¢ o)
GGCACATGCTAARATCAATGTCCG ATNTCBCTCCACPCLCCCACA
592 0% 615 625
R VvV VvV vV A2 2 M L T F A M A N M
GGGTTGTGGTGGCGCAGATGTTGACATTTGCCATGGCCAATATGA
64GC 650 660 670

I G Q V M L 8§ R vV D X G
TCGGACAAGTGATGCTAAGCARAAGAGTATTTGTAGATAAAGGTGC
685 695 705 715

p;:
¥y

3

v & V N F K D M V V E L M T
TTGAGGTAAATGAATTTAAGGACATCGTTGTAGAGTTAATGACAA
730 740 750 760

I A ¢ Y £F N I G D F® I P C L A

o

TAGCAGGGTATTTCAACATTGGTCGATTTTATTCCTTGTTTAGCTT

775 785 795 803
w M DL Q G I BE X R M K R L H
GGATGGATTTACAAGGGATAGAARAACGAATCGAAACGTTTACATA
820 830 840 850

K X F DAL L T X M F D E £ K
AGAAGTTTGATGCTTTATTGACAAAGATGTITTGATGARCACAAAG
8635 875 885 895

¥y 8 R K G K ? F L
CTATGAACGTAAGGCGAAACCAGATTTTCTTGATG
910 920 930 %94

A T
C AC

(') -3

AA

V M E N G D N S§ E G Z R "L
TTATGGAARATGGG CACZ"ATTCTCP_’-“.’?G:.G?- T
855 - 965 97

T ¥ I X A L L L N L ® T A G T

CCAACATCAAAGCACTTTTGCTGAATTTGTTCACAGCTGGTACGG
' 1000 1010 1020 1030

BIGURE 98



Yoshi zum , H Appl. Mcrobiol. Biotechnol. 30: 515-520, 1989. Aviv, H and
Leder, P., Proc. Natl. Acad. Sci. USA 69: 1408-1412, 1972. Beale, G H.
Journal of Genetics 40(3): 337-358, 1940. Bethesda Research Laboratori es.
BRL pyC host: E. coliDH5aTM conpetent cells. Bethesda Res. Lab. Focus.
8(2): 9, 1986. Bozak, K. R, Yu, H, Sirevag, R and Christoffersen, R E.,
Proc. Natl. Acad. Sci. USA 87: 3904-3908, 199@6RB@%Pock, W O., Fernandez,
J.M and Short J.M Biotechniques 5 376, 1987. Comai, L., l\/bran P. and
Masl yar, Pl ant Mol e uI a,r ol egy g ql5:373- 381, 199Q. Qorn

Ceneti cs. In Pet uni‘a ,,_.(.Er.d Yol gl J4 J@;L n - rManM pp
35-47, 1984. Cornu, ’A ﬁgﬁ""g L‘g%rlbvﬁrhg GRoATEATGH
and Gerats, AGM In Genetlc 1 ps’ - Locué Raps of COIQﬁlDeX genontEQs755th

edition, Stephen J. O B{{I en (Ed) Ool d Sprl ng Har bor Labor at ory Press, USA,

1990. 1C3~1" 'T'C CP 'T"PTC : CA3~.CQ Cacean o 9
..... CCCTGC -:‘-- 3..’..‘-\.3-}..1. sCACRAGCAGA AATGGATC
1080 1100 1110 1123 ARG
v I 6 R N R R L LT 8§ D 1 p N
TCATTGGAAGAAATAGGECGTTTA CTCCA.’-\TCCCAT.‘."‘CCCR AATC
1135 1145 1135 118

L ®» ¥ L R A I C X EE T 7 R 'x H
TCCCTTACCTCCGAGCAATTTGCAAAGAAACATT TCGAAAACACE

1180 1190 1200 1210
P S T P L N L P R I S NE P c
CTTCTACACCATTAAATCTTCCTAGGATCTCGAACGAACCATGCA
1225 1235 1245 1255

I vD G Y Y 1 P K N TR L S V
TAGTCGATGGTTATTACATACCAAAAAACACTAGGCTTAGTGTTA
1270 1280 1290 1300

N I w A2 I G R D P Q V W E N P
ACATATGGGCAATTGGAAGAGATCCCCAAGTITTGGGAARATCCA
1315 1325 1335 1345

L E F N P E R F L 8 G R N § X
TAGAGTTTAATCCCGAAAGATTCTTGAGTGGAAGAAACTCCAAGA

1360 - 1370 1380 1390
T D P R G NDU F T L I P F G 2
TTGATCCTCGAGGGARCGATTTTGAATTGATACCATTTGGTGCTG
1405 1415 1425 1433
G R R I C A G T R M G T V M V
GACGAAGAATTTGTGCAGGAACAAGAATGGGARTTGTAATGGTGE
1450 1460 1470 14890
E v I L G T L V E S F D W K L
AATATATATTAGGAACTTTGGTTCATTCATTTGATTGGARATTAC
1495 1505 1515 1525

FIGURE 9C



- 54 - Dell aporta S.J., Wod, J. and Hck, J.B. -Plant M. Bioi. Rep. 1:
19-21, 1983. De VI am ng P., CGerats, AGM, Wering, H and Wjsman,
-H.J.W Plant M. Biol. Rep 2(2): 21-42, 1984. Doodeman, M, Gerars, .

A .GM, Schram A W, de Mam ng, P. and Bianchi, F. Theor. Appl. Cenet.
67: ;357-366, 1984. Ebel, J. and Hahl brock, K., In The Flavonoi ds: Advances
in Research Since 1980. Harborne, JR2B/3¥6d.), Academ c Press, New York,
USA, 641-679, 1988. Forkmann, G Plant Breeding 106: 1-26, 1991 For kmann,
G and Scotz, G _Z Nat.wf or.sch 36c 4\11 416,,1981. JGarfi nk.el and

Nester, E. W ~J % s i g&n{;ﬁ I I er W and
Gi sebach H. ﬁ&g%ﬁ U%heéni“zﬁ&%‘l%ﬁ?’ %‘%‘%‘)‘C Hgg ToekG K and
G i sebach, H Annu. 1Ré Pl ant iol. 33:2905- 130, 8 Hanahan, D. J.
Mol . Biol. 166: 557, 1983. Harbor ne, J.B. and Si monds, N.W Annu. Rep.
John Innes |dst. 1530 26K 30% 19622 HeLl eE, & aMd RorkBan® @ In: The

Fl avonoi ds, ARABCESGAFIBCTETACCTUTECAACCTATGGTTACTCCAAGGT

1583 1595 1605 1615
L Q L D V Y V B *
TACAATTGGATGTTTATGTACCATAGCTATAGATGTGTATTGTGS
1630 1640 1650 1660

TATP..’-\TTCCCCA"‘GTTCT‘T‘CC TGT CCATCACA’Z‘AT"" \AAAGGA
1675 885 1695 1705

GTACATGAAGCGCATTGCATGAGTTTAACTTGTAGCTCCTTAATA

1720 1730 1740 1750
TTTTAGGTATTTTTCARTTAATA AGTTCTTGTTGGTTGGGTARAA
176 1775 1785 1795
AAAADADAARAAARD

1810

FIGURE 9D



1980. Harborne, J.B. (Ed.), Academ c Press, New York, 1988. Holton, T.A
and G aham M W Nucleic Acids Research 19 1156, 1991. - 55 - Inoue, H,
Nojima, H and Okayama, H GCene 96: 23-28, 1990. Ito, H, Fukuda, Y.,
Murata, K and Kinmura, A J. Bacteriol., 153: 163-168, 1983. Jefferson,

R A 7 Kavanagh, T.A and Bevan, MW EMBO J. 6(13): 3901-3907, 1987. Koes,
RE, Spelt, CE, Reif, HJ., van den El zen, P.J.M, Veltkanp, E -and M,
J.NM Nucl. Acids Res. 14(13): 5229-5239, 1986. Larson, R L. and Bussard,
J.B."Plant Physiol. 80: 483-486, 1986. Lamyg3ds R, Pascal, A S. and Ludwi g,
R A. Bio/technol ogy 9: 963-967, 1991. Lew, A°M and Kenp, DJ. Nucl. Acids
Res. 17(14): 5859-5860, 1989. McBride, K E and Summerfelt, K R Plant

Mol ecul ar Biol ogy 14: 269-276 1990. Martin, F.M, Castro, N. M, Aboul a-el a,
F., Tinoco, |I. Nucl. Acids Res. 13:

FIGURE 10A

l!

FIGURE 108

II

FIGURE 10C




8927-8938, 1985. Matthews, J.M, Dostal, L.A and Bend, J.R J.

Phar macol ogy and Erperi nent al Therapeut I cs235(1) 186-190, 1985. Merri f I el d,
J. Am Chem Soc. 85: 2149, 1964. Murashige, T. and Skoog, F. Physiol.
Plara 15: 73-97, 1962. - 56 - Nebert, D.W, Nelson, D.R, Coon, MJ.,
Est abrook, R W, Feyereisen, R, Fujii-Kuriyanma, Y., CGonzalez, F.J.,
Guengerich, F.P., Gnsalus, I.C Johnsgg/Bd-., Loper, J.C, Sato, R,

Waterman, M R, Waxnman, DJ DNA and Cell” Biology 10: 1-14, 1991. Norrander,

J., «Kenp, T. andc SSy . CGene 26: 101, 1983. (eda, K Sakaki, T., and
Chkawa, H. DNA B¥®%037i0, 1985 O Keefe, D. R, and Lec.o .J, Plant

Physi ol . 89 114,.’1,,.,1}49,, Qg.s.u.k.a. . -

Takahashi, V. and“whtéﬁﬁg TR KT T#ictéé%ﬂ C f%ggfgeos 1985.

AGCTTGCTG

w
~l
w,
[v'e)

s T L. L § I T ¥ G R R L P2 2 ¢
TTTCAACTCTTCTITTCTATARCTAACGGECSG CCC”C” CCGCCaG
100 110 120 130

P R G W P V I G A L P L L G 2
GGCCAAGAGGGTGGCCGETGATCGGAGCACTTCCACTTTTAGGAG
45

155 185 175

[iad 'V

M P HV §L A XK MA KK Y G A
CCATGCCACATGTTTCCTTAGCTAAAATGGCAAAARAATATGGAG
190 200 210 220

I MY L XV GGTCGMUV V A S
CAATCATGTATCTICAAAGTTGGAACGTGTGGCATGGTAGTYTGCTT
235 245 255 265

T P D A A K A F L X TUL DL XN
CTACCCCTGATGCTGCTARAGCGTTCTTGARAACACTTGATCTCA
280 290 300 310

" F §$ N R P » N A G A T B L A Y
ACTTCTCCAATCGTCCACCTAATGCAGGTGCCACCCACTTAGCCT
325 335 345 355
G A Q DMV F A HY G P R W K
ATGGTGCTCAAGACATGGTTTTTGCACATTATGGACCAAGATGGA
370 380 390 400
L L R ¥ L § N L &8 M L G G X A
AGTTGCTAAGGAAATTAAGCAACTTACATATGCTAGGGGGGARAG
415 425 435 445
L E N W A N V R &2 N E L G #H M
CCTTAGAAAATTGGGCARATGTTCGTGCCAATGAGCTAGGACACA
450 470 4890 430
L X S M ¥ DM S R E G E R V V
TGCTAAMATCGATGTTTGATATGAGCAGAGAAGGGGAGAGAGTTG
505 515 525 535

- FIGURE 10A



Pearson, WR. and Lipnman, DJ. Proc. Natl. Acad. Sci. USA 85: 2444-2448,
1988. Rademacher, W., Fritsch, H, Gaebe, J.E, Sauter, H and Jung, J.
Pesticide Science 21: 241-252, 1987. Sanbrook, J., Fritsch, E. F. and

Mani atis, T. Ml ecular doning: A Laboratory Manual (2nd edition). Cold
Spring Harbor Laboratory Press, USA, 1989. Sanger, F., N cklen, S and

Coul son, A Proc. Nad. Acad. ScL USA 730 /5%63- 5467, 1977. Schenk R U and

Hi | derbrandt, A.C. Can. J. Bot. 50: 199-204, 1972. Schrarn Jonsson.
L.MV. and Bennan G J-H Biochem stry of, fgavqnohd synk |s i n Petunia
hybrida. In: PﬁLunkecggmk,, K} edm;ﬁ pl;L.gger.1 gg agﬂ g : n, Germany pp
68-75, 1984. *SU57VrT ﬁ?ff rd“‘ A“‘F?HVO bIH'N@TabgRI Jii Press, Inc.
Boca Raton, Florida, U§ 1990.
vV I L 8§ X X V F V N X G Vv = ¥
AGGTCATACTTAGCAAAAGAGTATTTGTAAXTAAAGGTETTGACE
393 803 513 623
M £2.F X DM VYV YV ZT L M T T A G
TAAATCGAATTTAAGCACATCCGTGCTACAGTTAATGACAACAGCAG
£40 630 650 670
Y ¢ N I G D F I P C L A W M D
GGTATTTTAACATTCETGATTTTATTCCTTIGETTA GCTTCGATCu
633 - 5655 705 15
L Q G I E XK G M X R L #H# K K =
ATTTACAAGGGATAGAAAARGGAATGAAACGTTTACATAAGAAGT
730 740 750 760
D A L L T K M ®F D zz E K A T s
TTGATCCTTTATTGACAAAGATGTTTCGATGAACACAAAGCAACTA
779 785 795 805
Yy 2z R K 6 K p D F L D CV MZE
GCTATGAAMCGTAMGGGGAAACCAGATTITTCTTGATTGTGTITATGG
820 830 840 850
N R DN §$ £ G E R L S T T UWN I
AA }TACCC‘CAA””C”CnACCACAAACCCTCAGTACAACCAACA
' 8o 875 885 895
X A4 L L L N L - F T &2 G T D T s
TCARAGCACTCTTGCTGAATTTGTTCACAGCTGGTACAGACACTT
910 920 930 840
S §$ A I E W AL A M MK N P
CTTCTlGTGC;ATAGP \TCCGCACTTGCAGAGATCATGAAGAACC
555 963 375 583
2 I L XK X &2 Q G E M D Q V I G
CTGCCETTTTAAAGPAPCCAC“AGCACAAATCCATCArC“CATTC
1000 1019 1020 1030
M M ® R L L £ §$ D I 2 N L P Y
GAAACAATAGGCGTCTGCTCGAATCGGATATCCCAAATCTCCCTT
1045 1035 1085 1075

FIGURE 10B



Scotz, G and Forkmann,
“Vlaming, P., Wering, H and Forknann,
1985. Takeda, K.,

G Z. Naturforsch 37c 19-23, 1982. Scocz,
G Theor.
Kubota, R and Yagi oka, C Phytochem suy 24: 1207, 1985.

Apppl .

G, de

Genet. 70: 300,

Takenori ,

S. and Koni nam ,

S. Cytochrome P450. Tokyo University Press,

Japan, 1989. Taton, M, Ulnman, P., Beneveniste, P. and Rahier, A
Pestici de Bi ochem stry and PhyS| ol ogy g%ﬂ%@ 189, 1988. Turpen, T.H and
Giffith, OM BioTechniques 4: 11-15,7T van Tunen, AJ., Cerats, A G M
andsMol, J.N.M Plant, Ml _BI ol . _Rep. m. 50 59 1990 van Tunen, A.J.,
Koes, R E. Spelt~' CE. lvari-‘ ol ,-.-.pm L UF, RS amd Mol ., J.N.M
EVMBO 1. 7(5): I85AE5SC 555 ?xf&#b’i‘fh&ﬁ \-3-‘ Fy%r‘cvl: ACTaRecourt, K.,
Gerats, A .GM and MS0 J N MiPRe Plantié8i| 3: 38288, 1991. von
Wettstei n-Know es,  P.. Hereditas 60: 317-346, .1968. Vercr uysse, SAR ,
Del cour, J.A. andZDogdeghel P2 1R Cfro Fat é'gr &phy 3%24: 1495 4p7, 1985.
C}CC“:TAAATCTCCCTAGGATC }vu.ACVATCCAZTC”CL
1133 11453 1135 1153
G Y ¥ I 2 X N T R L S ¥V N I %5
ATGGTTATTACATACCAAAAARCACTAGGCTTAGTGTTAACATAT
118G 1190 1200 1215
A I G R D ?2 £ZT V W E N P L = 7
GGGCRATTGGAAGAGATCCCGAAGTTTGGGAGRACCCACTAGAGT
1225 1235 1245 12355
¥ 2 E R F L 8 G R N S K I D ?
TTTATCCTGAAAGGTTCTTGAGTGGARGAAACTCGAAGATTGATC
1270 1280 1290 1300
R G N D F E L I P F G A G R R

CTCGAGGGARACGACTTTGAATTGATACCATTTGGTGCTGGACGAA

1315 1325 1335 1345
I ¢ A G T RMGIVMV E Y I
GAATTTGTGCAGGGACAAGAATGGGAATCGTAATGGTGGARTATA
1360 1370 1380 1390
L G T L V & S D W KL B S =
TATTAGGAACTTTGGTCCATTCATTTGATTGGAARATTACCAAGTG
1405 1415 1425 1435
v I 2 L NMEE & F G L A L Q
AAGTTATTGAGCTAAATATGGAAGAAGCTTTTGGATTAGCTTTGC
1450 1460 1¢7O 1480
X A VvV P L E A M YV T P R L P I
AGAAMAGCTGTCCCTCTTGAAGCTATGGTTACTCCAAGGCTGCCTA
1455 1305 1515 1525
D VvV ¥ A P L A.F
TTGATGTTTATGCACCTTTAGCTTGARACATGCCTTTACGTTGGT
1540 1550 13580 1570
TTCAGTTTTGGGTAGTATAATGTTGTGGTGTTTGGCTATACAAAT
1TTA§TA“AIGCTACTAICTTGArCuC”CCTCCAGGGGGAGGGGG
TTGTICT CPTPCTAGTAATRTGTTACCCTT CTTTTATTTCTTG

FIGURE 10C



58 - Wallroth, M, Cerats, AGM, Rogers, S.G, Fraley, R T. and Horsch,
R B. Mdl. Gen. Genet. 202 6-15, 1986. Wering, H and De Ml anmng, P.

| nheritance and Bi ochem stry of Pignents. In: Petunia Sink, K C (Ed.),
Springer-Verlag, Berlin, Germany pp 49-65, 1984. Wering, H Genen Phaenen
-17(1=2): 117-134, 1974 Yanisch-Perron, C., Vieira, J. and Messing, J. Gene
33: 103, 1985. REPLACEMENT SHEET -59 - CL.-1bS: 1. A nucleic acid
isolate conprising a sequence of nucl eoBiZEPpgencodi ng, or

< { h

b 3

pCGP 175

Ap

s

[ =
a L@
X © ™
T w & &
Q O o=
(3]
w a = |
a L
& ]
Q.
)
x
— y
R S
N N
m «c
N
8 ]
X (7)) E
O & by
= N &
< ~
0 —
= i -
2 - wi
o o
a a
w
—1_ J

IR



conplenmentary to a sequence encodi ng, a di hydrokaenpferol (DHK) a
“functi onal of the enzyne hydroxyl ating enzyne or derivative or part 2.
The nucleic acid isolate according to claim|l wherein said nucleic acid is.
DNA or cDNA. 3. The nucleic acid isolate according to claim1 or 2 wherein
the enzyne.is a 3 ',5' -hydroxyl ase. according to any one of clains 1 to 3
4. The nucleic acid isolate accordi ngjf §ai m 3 wherein the enzyne is of
petuni a, verbena, delphinium grape, 4 3 freesia, hydrangea, cycl anen,
pot at o, pansy or eggplant -origin. 5. The nucleic acid isolate according to
claim4 wherein the enzyne is of. petunia origin. 4 or 6. The nucleic acid
I sol ate according co claimb5 having a nucl eodde sequence conpri sing
substantially all or part of the nucl eoci de sequence set forth in Figure 9.
or 10 or having ac least 40%simlarity tp all or part of the sequence set
forth in Flgure f Sl —
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7. The nucleic acid isolate according to claim1, 4, 5 or 6 when present
in a transgenic plant. accordina to any one of clains 1 to 6 8.

The nucleic acid isolace according co claim7 wherein the transgenic pl anc
is a rose, pecunia, chrysanthenmum carnation, gerbera, geranium or

al st mroeneri a. REPLACEMENT SHEET Substitute sheet - 14 January 1998. 9.
‘The nucleic acid isolate according 36/3%ai m 8 wherein the transgenic plant
is a rose or petunia. according to any one of clains 1 to 9 10. The

nucleic acid isolace according to claim1, 4, 5 or 6 contained in a vector
nol ecul e capabl e of transferring said nucleic acid isolate into a plant
cell or tissue. 11. The nucleic acid isolate according to claim 10
wherein the transfer requires co-cultivation with an Agrobacterium

-l . wer

0 O —oHv
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12. The nucleic acid isolate according to claim10 or 11 wherein the
vector and nucleic acid isolate is pCG90, shown in Figure 11. 13. A
reconbi nant di hydr okaenpferol (DHK) hydroxylating enzyme or derivative or
part thereof. 14. The reconbi nant enzyne according to claim 13 wherein
sai deenzynme is a 3',5' -hydroxyl ase. The reconbi nant enzynme accordi ng
to ciaim13 or 14 wherein said enzynB égﬁpf petuni a, verbena, del phinium
grape, iris, freesia, hydrangea, cyc é pot at o, pansy .or eggpl ant
origln. 16. The reconbi nant enzyne according to claim15 wherein the

enzynme i s of pallllieSeGdieknghtemll The-ﬁeoeﬁbrnant-enzyne-aeoo&drng—ee—ehﬁim
16 having an hmno acid sequence conprising substantially all part of

the ami no aci f§ sequence set forth in Figure 9 or 10 or having at |east 4p%
honol ogy t her gt o. accord| any one of clalns 13 to 17
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t 8. The reconbi nant enzyne according to claim13, 15, 16 or 17 when
present in a transgenic plant. 19. The reconbi nant enzyne according to
claim 18 when the transgenic plant is a rose, petunia, chrysanthenmum
carnation or gerbera. 20. The reconbi nant enzyne according co claim19 or
20 wherein the transgenic plant is a rose or petunia. 21. A nethod for .
produci ng a cransgeni c plant capabl e oghg E£§ssrng a reconbi nant

di hydr okaenpf erol (DHK) hydroxyl ating ? or which directs transcription
of & nucleic acid sequence which is substantially conplenentary co all or a
part of a nmRNA nol ecul e translatable to DHK hydroxyl ating enzyne, said

nmet hod conprising introducing into a cell of a suitable plant the nucleic
acid isolate according to claim1l or 6 under conditions permtting the
eventual expression of said nucleic acid isolate, regenerating a transgenic
plant fromthe cell and growi ng said transgenic plant for a tine and under
.conditions sufficient to permt the expression of the nucleic acid isolate.
22. The net hod according to claim?21 when the reconbi nant enzyne is -
3',5 -hydroxyl ase. 23. Tne net hod according to claim?21 or 22 wherein the
expressi on of
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nucleic acid isolate is devel opnentally regul ated. 24. The net hod
according co claim23 wherein the reconbi nant enzyne is of petuni a,

ver bena, del phinium grape, iris, freesia, hydrangea, cycl anen, potato,
pansy or eggplant origin. 24 25. The nethod according to claim wherein
t he «econbi nant enzyne is of petunia origin. 62- 23 or 24 26. The

met hod according co claim 'wherein the3zgugkeic acid isolate or enzyne has a
nucl’eoci de or amino acid sequence substantially as sec Earth in Figure 9 or
10 or having at leasc 40%simlarity thereto to all or part of the sequence
set forth in Figure 9 or 10. 27. The met hod according to wherein the
transgenic plant is a rose, perunia, chrysanthenum carnacion, gerbera or
cobacco.
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28. The net hod according to claim27 wherein the cransgenic plant is a
"rose or petunia. 29. A cransgenic plant carrying a stably introduced
nucl ei ¢ acid nol ecul e conprising a nucl eoci de sequence encodi ng or

conpl ementary to a sequence encodi ng, a di hydrokaenpferol (DHK)
hydrsexyl aci ng enzyne. 30. The transgenic plant according to claim?29
wherein the enzyne is a 3',5 '-hydroxyL3%?393l.. The transgenic pl ant
accdrding to claim30 wherein the enzy 270f petunia, verbena,

del phinium grape, iris, freesia, hydrangea, cyclanen, potato, pansy or
eggpl ant origin. 32. The transgenic plant according co claim31l wherein
the enzyne is of petunia origin. 3lgfr 33. e tTamsgenmrc—patty accor di ng

co claim 32 wherein the enzynme has am no aci d sequence substanfially as
set forth in Figure 9 or 10 having | gast 40%.si m Lari t her et 34.
The cransgeni ¢ plant according to any ole oi&cld ns 49 08133 erein said
plant is a rose, petunia, chrysanthgmum carnation, gerbera, iris} tulip,

Tily, A

J
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l'i sianchus, freesia, delphinium |inmuniumor pelargoniurn. - 63 - 35.
The transgenic plant according to claim34 wherein the transgenic plant is
a rose or petunia. 36. A method for. cloning a nucleic acid nol ecul e
conprising a sequence of nucl eotides which encode or are conplenentary to a
seqience which encode, a cytochrome P450 nol ecule or |ike nolecule froma
plagt, said nethod conprising anplificatB@f39f cytochrome P450 nucl eocide
sequences or conpl enentary sequences froma suitable preparation of nucleic
acid nol ecules fromcells. of said plant by one or nore pol ynerase chain
reactions using one or nore oligonucleocide priners, said priners having a
nucl eoti de sequence derived fromone or nore consensus sequences of known

m crosomal cytochrome P450 nol ecul es. 37. The net hod according to claim
36 wherein the consensus sequence is fromthe haem bi ndi ng donmai n of
cytochrone P450 nol ecul es.

12345 1234

=

FIGURE 17



38. The nmethod according to claim37 wherein the consensus sequence is
F(G S) XGXRXCXG, wherein X is any amno acid. 39. The met hod according to
cl ai m 37 wherein the consensus sequence i s FMPFGAGXRXCLG wherein X is any
amno acid. 40. The nethod according to claim 36, 37, 38 or 39 wherein
the cytochrome P450 nol ecul e or |ike noABSTRACTS a DHK hydroxyl ating
enzyire. 41. The met hod according to claim40 wherein the DHK

hydroxyl ating enzyne is 3', 5 hydroxyl ase. or 41 42. The net hod accordi ng

tegcgljgijrr}g? we;einzcl eocl de seguence suﬁWy as QH?%%WY? F: Zure 9

or 10 or having at |east 40% SHNZSQMESVANDG(HSES)THERM43 : _
ol i gonucl eoti de probe conprising a sequence of nucl eotides capable of

hybr di si ng under nedi um stringency conditions to the nucleic acid isolate

The present invention relates to a nucleic acid isolate comprising a sequence
of nucleotides encoding, or complementary to a sequence encoding, a
dihydrokaempferol (DHK) hydroxylating enzyme or derivative or part thereof.
The present invention also relates to transgenic plants carrying and expressing

the above mentioned nucleic acid material.

ey



according to any one of clains 1 to 6. 44. A |f REREACEMEBNT SHEEANE geni c
pl ant according to any one of clains 33 to 35.

Substituté sheet - 14 January 1998
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CLAIMS:

1. A nucleic acid isolate comprising a sequence of nucleotides encoding, or
complementary to a sequence encoding, a dihydrokaempferol (DHK)
hydroxylating enzyme oxﬁMMart

2. Tne. aucleic acid isolate according to claim 1 wherein said nucleic acid is .
'DNA or cDNA.

-y

3. The nucleic acid isolate according to claim 1 or 2 wherein the enzyme is 2
3',5"-hydroxylase.

accordlng to any one of claims 1 to 3

4. The aucleic acid isolate aeeeﬁmge—ehm-&wherem the enzyme is of
petunia, verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen, potato,
pansy or eggplant origin.

5. The nucleic acid isolate according to claim 4 wherein the enzyme is of
petunia origin. '

dor
6. The aucleic acid isolate according to claimy$5 having a nucleatide sequence
comprising subst_anti_ally all or part of the nucleotide sequence set forth in
Figure 9 or 10 or having at least 40% similaricy eiseessssto all or part of
the sequence set forth in E‘lg_u_:;e S or 10. =

7. The nucleic acid isolate acce =claim=1+d-3-0e-6 when present in 2
accordlgg to_any one of claims 1 to 6

transgenic plant.

8.  The nucleic acid isolate according to claim 7 wherein the transgenic

plant is a rose, petunia, chrysanthemum, carnation, gerbera, geranium or
alstroemeria.
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9. The aucleic acid isolate according to claim 8 wherein the transgenic plant is

a rose Or petunia.

- _ according to any one of claims 1 to 9
_ according to any oné of S - 2

10. The nucleic acid isolate 2ecording-te-elatm=i—d;-5-er—€ contained in a

vector molecule capable of transferring said nucleic acid isolate into a plant

cell or tissue..

11.  The nucleic acid isolate according to claim 10 wherein the transfer

requires co-cultivation with an Agrobacterium

12,  The nucleic acid isolate according to claim 10 or 11 wherein the vector

and nucleic acid isolate is pCGP90, shown in Figure 11.

13. A recombinant dihydrokaempferol (DHK) hydroxylating enzyme or
derivative or part thereof.

14.  The recombinant enzyme according to claim 13 wherein said enzyme is

a 3’,5"-hydroxylase.

15. The recombinant enzyme according to claim 13 or 14 wherein said
enzyme is of petunia, verbena, delphinium, grape, iris, freesia, hydranges,

cyclamen, potato, pansy or eggplant origin.

16. The recombinant enzyme according to claim 15 wherein the enzyme is

of petunia origin.

17.  The recombinant enzyme according (0 claimﬁé having an amino acid
sequence comprising substantially all or part of the amino acid sequence set

forth in Figure 9 or 10 or having at least 40% homology thereto.
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according to any ore of claims 13 to 17

18.  The recombinant enzymejaccordingroretmmt5=157t60r17 when

present in a transgenic plant.

13.  The recombinant enzyme according to claim 18 when the transgenic

plant is a rose, petunia, chrysanthemum, carnation or gerbera.

20.  The recombinant enzyme according to claim 19 e=26wherein the

transgenic plant is a rose or petunia.

21l. A method for'prqducing a transgenic plant capable of expressing a
recombinant dihydrokaempferol (DHK) hydroxylating enzyme or which directs
transcription of a nucleic acid sequence which is substantially complemencary
to all or a part of a mRNA molecule translatable to DHK hydroxylating
enzyme, said method comprising introducing into a cell of a suitable plant the -
nucleic acid isolate according to claim 1 or 6 under conditions permitting the
eventual expression of said aucleic acid isolate, regenerating a transgenic plant
from the cell and growing said Eransgenic planc for a time and under

conditions sufficient to permic the expression of the nucleic acid isolate.

™
~

The method according to claim 21 when the recombinant enzyme is
3,5 -hydroxylase.

23.  The method according to claim 21 or 22 wherein the expression of

nucleic acid isolate is developmentally regulated.

24.  The method according to claim 23 wherein the recombinant enzyme is
of petunia, verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen,
potato, pansy or eggplant origih.

24
25.  The method according to claim 26 wherein the recombinant enzyme is

of petunia oriein.
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26. Tae method according to claim 25=wherein the nucleic acid isolate or
enzyme has a nucleatide or amino acid sequence subscancially as set forth in

Figure 9 or 10 or having at least 40% similarity sivevete- to all or part of
the sequence set forth in Figure 9 or 10.
ﬁ

) acceording to any one of claims 21 to 26
27. The method acserding-te——ciazmm—=t" er=2& whereln the ransgenic

planc is a rose, petunia, chrysanthemum, carnation, ge'rbera or tobacco.

28.  The method according to claim 27 wherein the transgenic plant is a rose

or petunia.

29. A transgenic plant carrying a stably introduced nucleic acid molecule
comprising a nucleotide sequence encading or complementary to a sequence
encoding, a dihydrokaempferol (DHK) hydroxylating enzyme.

30. The transgenic plant according to claim 29 wherein the enzyme is a
3’,5’-hydroxylase. '

31.. The transgenic plant according to claim 30 wherein the enzyme is of
petunia, verbena, delphinium, grape, iris, freesia, hydrangea, cyclamen, potato,
pansy or eggplant origin.

32. The transgenic plant according to claim 31 wherein the enzyme is of
petunia origin. '

31l or
353.  The transgenic plant according to claim/32 wherein the enzyme has an

amino acid sequence substantially as set forth in Figure 9 or 10 having ac least

409 similaricy thereto.

34.  The transgenic plant according to any one of claims 29 to 33 wherein
said plant is a rose, petunia, chrysanthemum, carration, gerbera, iris, tulip, lily, -

lisianthus, freesia, delphinium, limunium or pelargonium.
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35.  The wansgenic plant according to claim 34 wherein the transgenic plant
is a rose or petunia.

36. A method for cloning a nucleic acid molecule comprising a sequence of
nucleotides which encode or are complementary to a sequence which encode, a
cvtochrome P450 molecule or like molecule from a plant, said method
comprising a.mpliﬁcétion of cytochrome P430 nucleotide sequences or
complementary sequences from a suitable preparation of nucleic acid

molecules from cells of said plant by one or more polymerase chain reéctions
using one or more oligonucleotide primers, said primers having a nucleotide
sequence derived from one or more consensus sequences of known microsomal -
cytochrome P450 molecules. '

37.  The method according to claim 36 wherein the consensus sequence is
from the haem-binding domain of cytochrome P450 molecules.

38.  The method according to claim 37 wherein the consensus sequence is
F(G,S)XGXRXCXG, wherein X is any amino acid.

39. The method according to claim 37 wherein the consensus sequence is
FMPFGAGXRXCLG, wherein X is any amino acid.

40. The method according to claim 36, 37, 38 or 39 wherein the cytochrome
P450 molecule or like molecule is a DHK hydroxylating enzyme.

41.  The method according to claim 40 wherein the DHK hydroxylating
enzyme is 3’, 5'-hydroxylase.

or 41
42.  The method according to claim 40/wherein the enzyme cloned has an

amino acid sequence or is encoded for by a nucleatide sequence substantially

as set forth in Figure 9 or 10 or having at least 40% similarity theréto.
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43. An ohgonucleonde probe compning a sequence of nucleotides capable of

hybridising under medium stringency condmons to the nucleic acid isolate
m

4. A flower from a transgenic plant according to any one of claims 33 to 35.




